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Introduction 

Eiydroelectric developnent coupled with num3rcn.G otherencmachments~on the 
supply ar@ quality of water has reduced the-natural habitat for the sp&vniq- and 
rearing of salmon in the Columbia River system. Artificial~production in ' 
hatcheries has becane a critical link in the restoration of natural stock3 of 
salmon. 

Pelaasad hatcherysalmonmu& survive predation, beabletoacquire 
sustainable nutrients uhder natural conditions, possess the vitality to surmount 
man-made impeaiments to seawiird migration and tiapt to a sea water emironment. 
Survival ofhatcheysalmnidsisdepmdent~upcnanumbe~of factors. Timeof 
release,naturalfood abtmkmce, fish size am3 the health and/or quality of 
smlts all play synergistic roles. 

The nutritional and *ysical characteristics of ration regimes for hatchery 
fish plays a major role in determining the effect&eness of hatchery production 
and the health and/or quality of amolts. Ration regimes containing high quality 
canpomnts in uniform and fine-free pellet form produce efficient growth 
respome and mzinimize loss of nutrients tmintaining the quality of hatchery 
wter supply. under such feed regimes, fish are less susceptible to disease and 
more uniform and desirable fish sizes can be achieved at release time. High 
qualitysmltswmldhelpto optimize out-migrationsurvivalandsuccessful 
adaptation to salt water. 

The relative success of ration regimes in rearing high quality molts is 
depem%nt upan the quantity and quality of their protein complement, Althotgh 
&equate levels of energy, essential fatty acids, vitamins‘and minerals are 
needed for optimum growth, protein is the major food component for salmonids. 
Successful fish rations rely on large quantities of fish protein in the form of 
fish medl as a source of protein. Plant sources of protein (soybean and 
cottonseed meal) are tolerated to a certain extent based upon growth response, 
txlt an excessive replacementof fish protein results in a reduction in feed 
consumption at-d growth response parameters (conversion and/or weight gain). 

It is belimed that sahxxMs have.difficulty in digesting and/or 
asshilatm plant proteins and their presence represents a ,dieuary stregs. 
factor. The 'relative inferiority of plant proteins to those from animal sources 
other ‘than their obvious poorer amino acid canpmition may be relatfl, to their 
inaznpatabilityto thegastrainte&.nalsystemof salmonMs. This couldbe 
translated into poor digestability and/or khs absorption of digested protein 
moieties that are physiologically unacceptable. Overloading of the relatively 
limited @&xificationsyst&of salmonidswuld representamajor source of 
dietaxystreso. 



Camnercial fish meals needed for formulating successful ration regimes for 
hatcherysalmonaredeclinirgin availabilityandguantity. This canbe 
directlyrelatedto theavailablesupplyand ccstof rawmaterials and increased 
processing costs. Thsun~a~~blepos~tic#1~tthe~~~feedi~try 
canman% in the fishIreal market exacertStes this situation. !Cheworld-wide 
broiler -try dictates ths mark& @rSce, supply and quality of fish meal. 

Industrial fish that in the past formed the raw material base for high 
quality m is disappearing b@cause of cost arx%/or regulation dictating its use 
for human food. Carcass waste is replacing round fish as a raw material.base 
yielding m&ls of lcwer protein ard elevated mral levels. In addition, the 
potential for protein quality is reduced by higher levels of glanular and skin 
tihsue over muscle tisMe in carca&s waste. 

Overset the rm material supply arx%compodsitional .problems with fish 
meal is the biological quality of camnercial meals. The majority are produced 
with efficient direct flame dryers. If driers are precisely operated and raw 
materials of uniform canposition are used, a reasanablequalitymealcanbe 
producad. However, the dagree of variability of raw material new encountered 
resultsinaratherNghrJeareeofprocesslngaarmage. Ekcessiveheatingdamzges 
protein and accentuates lipid-protein interactions raducirg biological 
availability. Thebasis uponvkkhfishmeal is solddoesnot encourage protein, 
quality- Meals are sold solely on the basis of protein content. Lower protein 
rawmaterials suchas carcassw~teencourages excessivedryingtoachievea 
higher protein content inmeali*roving their marketability. It is clear that 
heat danqed proteins are nutritionally inferior and are a source of potential 
dietary stress to hatchery fish. 

Meals produced from whole fish and/or p rocessedandupgradedgroundfish 
carcasswastebylcwtemperaturs-r&ucedpressure 'a&/or spray dlrylng procedures 
&d yield protein of optimum quality. I'hese gentle.drying'process es coupled 
with the use of.fat antioxidants through process irgwtruldeltinateheatdamage 
to protein and rmrkedly raduce lipid-protein interactions. Such a ratio regime 
vuuldbemore costly, lxltthe improvemen t in smelt quality could markealy 
improvesurvivaltoadulthood. A fewpercentagepoint inceaseinsurvivalcould 
easilymakesucha feedregimeverycosteffective. 

It is essential that .the true effectiveness of sucharationregimebe 
established. WitUut'a confirmedneed and 'defined.value, commercial development 
required to produce specidiizedhighquality meals for rearing fishwillnotbe 
forthaming ti ths general mlity of rations available to rearing fish will 
continuetodecline. This will limit tbsfutUre ability of artificial 
propagation to efficiently supplenent arki enhance natural production. 



Arationregime incorporating highqualityproteinsourceswould improve 
the efficiency of hatchery production and should reduce susceptibility of 
hatchery fi&todiiseaseandnKlrtality. Artificial productionwould be better 
abletore-establishthevigorofrraturalrunsofsaJmonintheColumbiaRiver 
and its trikxltariss and maintainand i&rove thegenetic integrityof specific 
stocgs. The release of more hardy Snanlts of moreun%formarwjioptimmsize 
shouldraducemortalityof out-migrants as'l9myencounter@olorgadswimmirg, 
nqotiate passage facilities at dam, umlergo the stress of reducad foodintake 
and make a transition to salt'water envirornmnt. ,It is believed that survival 
toadulthoodvmuldbeincreased, enhancirgsport, comercialand Indiancatches, 
and increase thenumberof~ults reachitlgspawningareassupplementi~natur'al 
production. 

Researchwas desighedtoestablishthe influenceof f&regimes containing 
highqualityanimal proteincomplementsontheefficiencyofhatcheryproduction 
andtheretllrnofcohoand chinooksalmox~to theColun&iaRiver system. Thekey 
to this feedingregimis the incorporation‘oflowtemperature-reducedpressure 
and/or spray dried fish proteins. Itisbelievadsucha feedirgregimevmuld 
yield optimum growth response and minimize~nutritional stress yielding ha&y 
high quality smlts of a mre uniform and optimum size prcducing greater 
survival. 

P&&hods ard Materials 

.JJhe followingtaskswere required to carryoutprojectobjectives: (1) 
Develop through direct cooperation with a commercial firm a supply of vacuum 
dried, spray driad and moist concentrated sources of fish proteins for large 
scale nutritional investigations. (2) Maintain capabilities and facilities for 
the production of expimatital ratiom rsquirsd for hatchery scale fe&ling trials. 
(3) Develop, mdify a& evaluate.in laboratory scale feeding trials ration 
formulations for ywurg fry and fingerlings that will provide optimm nutrition 
for their particular growth reguirements. (4) Carry out hatchery scale feeding 
trials coupled with coded wire tag&ng survival experim&ts to establish the 
relationship bE%een feeding regimes and hatchery pkoduction efficiency and fish 
survival. 

High quality sources of fish p?otein were pro%ced accordiqJ to 
specific&ions by. a cmmercial firm in quantities and within a',time frame 
r@uired to meet project objectives. Protein sources includedvacuumdried 
raeals ofhatcherysalmoncarcasses arxl tile Pacific hake, spray dried bane-free 
hydrolysates of groumifish carcass waste and whole Pacific hake and-bone-free 
hyt3rolysedco~rcezltrates (5O!%solids) 0fgroundfishcarcassGaste andwhole 
Pacific m. 
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Vacuwndriedmealswereproduced fromhatcherysalmoncarcassprovidedby 
the Oregon Deparmt of Fish and Wildlife and hake were obtained directly from 
mrcial sour-. Vacuumdryingwas carriedoutwith~lyconstructed 
equipment located at the Omgon Sta!s ~vemity: Seafwds Labprato~ by the , 
cooperating ,colnnercial;firmundq the direction of,,project personnel.. Fish were 
coame ground&xMriedur&r a mum eqivalent to 27-inchesof Hg. Pr@Mct 
temperature was maintainekat about lOl-105oF during drying. While the product 
was hot arrd moist, the vacuum was allowed to drop for a short period of time to 
allaw product temparature to raach 18OdF for 5.6 minutes to affect 
pasteurization. Product temperatures upon completion of drying were LllO°F. 
All vacuum dried meals, if not utilized immediately for ration preparation, were 
saclcedamIheld frozen. 

Both qmay.drisd and moist 'concentrated (LSO% solids) hydrolysed and 
bone-free groundfish carcass waste and tile Pacific hake were used as minor 
protein sources in test rations. This fraction with water performed the same 
function in the test ration as the wet fish fracti- of the Oregon pellet. It 
-acceptanceandimpIwes pellet quality. Bothproductswereprep3red 
franbone-freehydrolysates. Insteadof sg~aydrying,h@rolysates were 
concentrated invacuumwithscrapedsurfaceheattransfer equipment. The end 
product was sackedand frozenandheld at O°F. The need for switching fran a 
spraydriedproducttoamoist ccncentratewaspredicatedbytheloss of spray 
dryir-g capabilities by the commercial cooperator. Concentrates were prepared at 
Oregon State University Seafoods Laboratory facilities by the canmercial 
cooperator. 

Remxining canponentrequired forprepariqrations (wheatgermmeal, dried 
whey product, spraydriedblood, mineralandvitarmin premixes, sodiumbentonite, 
herring oil/antioxidant and choline chloride) were purchased fran cormtercial . 
sources. These camnercial sources were either firms that produce moist 
pelletized ration for hatcheries or provide conqzonsnt to the fis?? feed industry. 
Allgn.archasedcanponen ts met specifications for the Oregon pellet. 

Riltions for laboratory and hatchery scale feeding trials w3re prepared at 
theOregonStateUniversity;Saafoods Laboratory. Dry ration components (fish 
meal, dried whey product, mt germ meal,, spray dried blood, trace mineral and 
vitamin premix, arrisodiumbentonite) (spraydried hydrolysates of whole fish 
andgrourdfish carcasswasteare alsoincludedif notreplacedwithmoist 
concentrated counterparts) were milled ard usually sack&l in 50 lb units. If 
the dry mix was rmt used imediately for ration formulation, it was held frozen 
at sOoF. Ration dry mix co@osition was formulated based upcn the composition 
of the fishmeal used in 800-1000,lb batches. The wide variation in the fat and 
protein content of full fat medls made this necessary to maintain a uniform 
ration caiqosition. Protein and fat content in the pelletized ration was 
controlledbyvarying the fishmeal, wheatgermmea1a.t-d added fishoil 
fractions of the formulation. 
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Drymixwas mechanically mixed with remaining %oist" canponents' (herring 
oil/(antioxidant, cholim chloride amd water or water aud moist hydrolysates) in 
batch sizes a pproxhating 300 lb. Thoroughly mi%ed curlponents w?re then 
mechanically transferred to an extmder where the mix vqx.formd into pellets of 
required length amI diameter. Duringpelletization, rationsweresampled, two 
replications/batch, to astablish the as fed co~ition.of theration. ' 
Pelletized ration ms screened sacked in usually 50 lb units (1132 

siz& v&e sacked in 40 lb units) and imadiately frozen at 
Ration production capacity apprcximatss 2000 lb/day. 

Laboratory scale feedirgtrialswere carriedoutattheOragonDepartment 
of Fish am-3 Wildlife Clackams Laboratory. The purpose of these investigations 
was to acquire information on the relative nutritional value of high quality 
sources of protein ur&r controlled laboratory conditions. Specific details 
==erhmJP- used for each investigation are outlined in accanpanying 
adderxiwn formal reports. 

Hatchery sale feeding trial coupledwithcodedwireta@ngsurvival 
~rimntstoestablish the relationshipbetween feedirg&@mespossessinga 
high quality protein complement and hatchery production efficiency and fish 
survival were carried out at Oregon Deparbnent of Fish and Wildlife sandy ard 
Bonneville Hatcheries. Vacuumdriedhatcherysalmoncarcassard hakeasmajor 
protein sources in test rations were evaluated at Sandy Hatchery with coho 
(Sandystock)ard~cuumdried salmon at Bonneville Hatchery with fall chinook 
(bile stock). The hatchery supply of Oregon pellet was utilized as a control 
for test rations. ~licate ponds of fish were used for each test and control 
treawt. Fish were tagged at a rate required to achieve an adequate estimate 
of relative survival. Detailed information on methods and procedures utilized 
in hatchery scale feed- trials is outlined in addendum formal reports for each 
survivalevaluationexperiment. 

Results and Discussion 

Laboratory Scale Feedim Trials 

Summary: Nalua:ion of Vacuum Dried Fish Meals, Sprav Dried J&drolysates and 
Moist Acceptance Enlmnciw Components.in Starter Rations for Salmonids (Addendum 
AL 

Investigationswere carried out toevaluate the influence of high quality 
protein sources on growth arrjl various moist acceptance enhancers on the 
adaptation Of unfed fry to starter rations. Major protein sources tested 
includedvacumdriedhatcherysalmon carcasses and whole Pacifichake, st& 
tubedried SaAmm hatchery carcasses ardspraydriedbone-freehydrolysates of 
salmw? hatchery carcasses, hake, grourdfish carcass waste and a comercial spray 
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dried fish hydrolysate of unkncwn origin. F%ksteurized krill, beef liver, tuna 
viscera, squid andshrimpw%re evaluated as acceptance enhancers. Acanmercial 
starter ration (Biodiet; Bioproducts, Inc. Warrenton, OR) wa8 used as reference 
control. mlicate lots of spring chinooksalmonwere suppliedtestrations for 
35 days (a time period customarily involving mash and l/32-inch pellet sizes). 

-growth response of fi& revealed the followiq results: (1) Mash of 
granular rations customarily included in starter ration regti for salmonids 
was sucessfully replaced with a regims of l/64 arrjl l/32-inch length-diameter 
extruded pellets. Brperience with the preparation of l/64-iilch pelletized 
ration shcrwled it to be of doubtful cunmercial value because of the difficulty in 
reducing vt particle size sufficiently. (2) Protein sources derived from 
salnuxiprodwxdthebestgrowthardconversionrates. (3) Theperfprmanceof 
~~aPadstesrmtubedried~ls'rrasequivalent,atleastfor thesam 
e.xa@eevaluated. Vacuum dried hake was inferior to vacuwn dried salmon meal. 
(4) Hydrolysed sources of protein derived fran tile fish (salmon and hake) 
ProdUcedgrowth responses at least equivalent to their intact mtemts. 
IQdrolyrsis of w improvedgrowth respanseaveritsintactcounterpart. (5) 
~&~~&nddcarcasswasteand the canmercial sprqdried fish 

response. (6)~rbody@shlevelswereobs&ved 
for fishsuppliedwithrations containing spraydriedbone-freehydrolysates as 
major protein sources. Thehighercalciumandphosphomus content of rations 
containirgintactmealswouldappeartobe important in theskeletal fomtion 
of young fish or produce fish with a graater skeletal mass in relation to body 
weight. (7) No evidence was observed either of subjective or objective nature 
to sqgest that acceptance enhancers replacing water and in the presence spray 
dried hmlysates improved feed recognition or consumption. 

sunm(ary. Comparative EM&&ion of Vacuum Dried Fish Meal and Spray Dried 
Hydrol&ates to Hiuh Quality Comrcial Fish Meal as Protein Sources foi: Fall 
ChinookSalmonUddeMumB) 

Laboratory scale feedilsg trials were used to define the relative 
nutritional value of vacuum an!I spray dried protein sources to high quality 
mrcialmaals. High protein herring -1, vacuun.dried hatchery Sati 
carcasses, ~~driedhake,steamtubedried~tcherysa~ncar~, spray 
driedborae-free~l~hatcherysalmoncarcassesandsprhydr9edb#Yie-Pree 
hydrolysedhalrewere evaluatedinmoistandsoft-dry test rations. Test'ratiohs 
wre fed to duplicate lots of 225 randoanly selected fall &n&c salnuM (tule 
stock) for 115 days. 

Fish reqonse to ration regimes ard protein sources yielded the following 
resultsaMconclufxions: (1) Moist rations produced superior growth rates over 
soft-dry rations through the conswnption of more feed and superior feed and 
protein conversion. Moist ration produced fish of greater mass and ler@th, but 
cord.ition factorswere equal. (2) Vacuum, spray a& steam w* dried protein 
sources of salmon origin produced thebestgrowthard conversion rates. (3) 
Vacuumdriedhake mealproducedsignificantlyinferior conversions (drywt. ard 
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protein) to all other sources of protein. (4) The performance of vacuum was only 
slightly better than steam tubs dried salmn mal. (5) High quality ccmercial 
herringmealproduced grmthandcormrsionrates equivalent to most 
exerimntally produced vacuum dried zeals; poorer thq salman meal,.tut superior 
to hake. (6) Hydrolysis of salmnand'hakeprckeinsgenerally improvedgrowth 
and ccmversion rates over their intact,counterpar~. (7) Body canpositions (dry 
wt.) of fish upon temination Were equal with regard.to.prqteifi and,.fat; body 
ashcontentsvariedaccomii~toproteinsource. Rations with major protiein 
~cesderlvedfmnspraydriedb~freehydrol~tesposseseedl~raah 
levels and yielded fish with an apparently less developed slmletal mass in 
relation to flesh., 

HatcheryScaleFeedingTrials I 

summary: InfluenceofRationonthesWv1va1of Coho 8allrKzl I. 1982 Brood Coho 
salman gearing Imestiqatian Oreoon D&r&t of Fish ti &life kk& 
Hawhe~. (Adldench;un C). 

Duplicate ponds (58,000+ fish/pond) were reared on control Oregon pellet 
ration aM test rations utilizing vacuum dried salmn and haks meals as major 
protein sources fran 27 June 83 to release on 30 April 84. Fish were reared an 
feedi~s~~e~i~toachieveequalweightatrelease. Released fish 
ore tagged (injected with coded wire tags and marked with an adipose fin clip 
betwxn 20 Ott- 11 Nov 83) at rate appr oximatirg 45% of the released population. 

Cohosalmonrearedtotest the influence of highqualityvacuumdried meals 
on survival yielded the followirrg husbandry results: (1) Control and test 
rations produced equal mortality rarging fran 0.88 to 1.49% of the pond 
replicate populations. (2) Fish w?re reared fran 4.20-4.40 g to 26.13-26.99 g; 
feed schedule successfully yielded fish of statistically equal size. (3) Test 
rationachievedequalweightatrelease through the consumptionof less feed 
which was converted at a superior rate to that of the control ration. (4) 
Rations relying on vacuum dried salmon as major protein mu&es were converted 
in a manner superior to that relying on vacuum dried hake meal. Better feed 
comersionbysalmonmalrationsover the controlrationwassupportedbya 
better protein conversicm. This was not true for hake meal rations. Superior 
feed conversion of test rations containing hake meal wxe related to its better 
fat energy complement over the control ration. (5) At release, the body 
canposition of fish supplied test rations consisted of slightly higher fat 
levels aud lower moisture and protein contents than control fish; ash contents 
vmelmr. 



luence of Ratic#l an the Survivalof Fail Chinook Salmon. I. 1983 
Chincu&~ Invssti&&ti~;OregonDenartmentof Fishand 

Wildlife will& Hatchery (&dZleMum D) 

Duplicate ponds 6OO,OOC?+ fish (split to,274~277,QOO+ fish/pond:on 24 
February SC) wore roared on,a control Oragon pellet .fead regime and a test 
rationderlvingitsmajor protein fractionfromvacuumdrisd salmonm&al fran 29 
Decembertoreleaseon8May84. Rations w2re supplied to fish on a demand 
basis. Release fish w=re tagged (injectsd with coded wire tags and marked with 
an adipose fin clip between 17-27 May 84) canposed approximately 29% of the fish 
released (272+ to 275,000+). 

Fall chinook salmon reered to establish tha influence of high quality 
sources of fish protein onsurvival -furnished the following husbandry results: 
(1) Mortality for fish -lied the ccx&rol ration averaged 5.10% for the period 
29 December-23 February 84 and 0.68 from 24 February-8 May 84. Over the same 
time period fish receivirrg the test ration showed a 3.18 and 0.53% mortality, 
respectively. (2) Control fish were reared fran an average weight of 0.374 g to 
6.042 g (average fork length, 82.5 mm). Equal sized fish, suppliedwiththe 
ration~~ini~vac=uumdriedsaLmonmeal, were reared to anaverageweightof 
7.237 g (average fork length, 87.0 nnn). (3) The test ration produced larger 
fishthroughthe consumption of slightly less feed and a superior rate of 
conversion. The quantity of test ration feed (dry wt.) or protein to produce a 
unit of body weight or protein gain was 80.2% or 90.6% of the control ration 
feedsystem. (4) Fish supplied the test ration possessed body compositions 
higher in fat and lower in moisture and protein content; higher (112%) blood 
hematocrits; and a better condition factor through both a greater fork lergth 
and weight than control fish upon release. 

Identical survival investigations to those carried out with 1982 brood coho 
and 1983 brood fall chinook salmon have been initiated at Sandy and Ekxmeville 
Hatcheries with 1983 brood coho and 1984 brood fall chinook (tule stock), 
respectively. .CMed wire tagged fish frcm both of these hatcheries are due to 
be released in May 85. 
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D- ,CFRATIQNs~THEENIGMXD 
SuRvrvALoFm 

Bonneville Pclwer Administration Project 83-363 

E&tluation,of Vacuum Dried Fish Meals,, . . 
spray. .pri~$cl li@rolyEsa~es and Moist ,AGcep~ ' 

Mmticling cmnpommts in Starter Ratkim.-.fwSalmqnids 

Introduction 

Thesuccess of hatcheryproducticxlof saI&mnids is greatly enhanced by 
hcwV&l.arxlearlylJ@& frybegincolllsupningrationandgrowfng. This is 
z;,,to a considerable extent,q hew well starter rations are I 

Factorsdete~~tkte.~~~ityofs~terratiansare 
not ~211 &fined, but it is believed that particle size, density, and 
cunpositim play irqortant roles. I;lclusionofmoistproductsderived frcet 
crustacea,mllus~, the visceraof certainfinfishesandthelJ;verofkef 
arebelievedtohave favorableeffectsonacceptance. 

Thisinvestigationwasdssignsdto evaluate the influsnce of high 
quality protein sources and variuus mist enhancersontheacceptanceof 
starter rations andgrowthof unfed fry. Vacuumdried hatchery salmon 
carcassand~~steamtubedr~edsalmrmcarcasswereincludedin~ 
investigation. Spraydriedhydrolysatesofsalmoncaxawes,hske, 
groundfishcarcasswasteandacxxrmtercial spraydried fish hydrolysateof 
tmkn0wn species oriigln w3re also tested. Pastehrized mii, beef liver, 
tuna viscera, squid and shrimp were evaluated for their acceptance 
enhancing capabilities. / 

Me- 
ExnerimtntalConditions 

ApzwcimateJy 18,000 unfed wing 
thec1ackamas 

chinaokalwinswzre.obtained from 
fishhatchery, near Estacada, CRanc-transferred to the 

nutrition laboratory at Clackamas, OR in late December of 5983. The yourq~ 
fish were maintained in urqecirculated sprlng.water at a tesnper&ure of 
J2OC and a dissolved oxygen concentratfonof about8ppmuntilallfish 
madeat lsastnunsntary excurisions from the tank bottom. Atthattime,26 
samples of 260.0 g each.were transferred to..irxlividual 0.92 m diameter x 
0;72 mdepth cylindrical fiberglass tanks. Water volume &s.adjusted to 
160.0 1 by V of a centrally located starxdpipe c'-2in,. and &recirculated 
spring vsater (12OC). supplied to each at a rate of 8.0 1 per minute. 
CverM'fluorescent lights provim a diurnal 1ight:dark cycle of 9:X 
,wurs. 

Biodiet (Bioproducts, Inc., Warrenton, OR), a high quality moist 
starter ration, servedasareference control. Formulations of 
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experimental rations (12) coded accomurYg.to the s+Wes.,of protein [vacullm 
dried EEtlmn lneal(vsM), vacuum dried hale meal (VHKM), steam tube dried 
salmon meal (3!rsM), SpEBy dried txyarolysed salmon (srms), spray dried 
-1y-d hake (sDHyHK)t spracy dried hylslrolW carcasswaste (SDHYCW), 
spraydriedfish(cammrcial) (sDHYF)]andaca?ptance enhancers (krill, 
beef liver, tuna viscera, squid arxi shri~~p) with canpositions of major 
ration protein sources am3 pelletized rations are listed In Appendb I. 
Biodietwassupplied~No. l+ 2 &srtergranulss'tias l.Onmgrmer 
pellets. ~r+mental qtions,.Mere .&r&W into l/64-inch pellets 
(replacing the starter mash ntsitanari'ly used) anjl 1/32"inch pellets. All 
rations mre stored in sealed plastic containers at -12°C.until fed. 

-tation 

A@vins were randunly assi* amorg the raticm treatments, each 
treatmntindup&ate. Irdti$l presentation of feed bsgan after most fish 
hadach$evedneutral biqmcyandtheexternallyvisibleyolksachad 
disappemd. A.levins vere fed at a Tafe of 4.88% (dry matter) of the 
initial tank biomass per *'for 10 days td ermreequalapportunityto 
bsginfeedlng, thenonato+ppetitebasisduringthe remairrderof ths 35 
day trial. Allfishwere fed,by~fourtoseventimseachday,except 
ansampling~~,~ratioarswereivi~ld. Fecal material duneaten 
fsedweresi@onsd from ths tanks, mortalities collectedandweighed, and 
feed comanption data recorded daily. Rations~restoredbetween fesdings 
in coversd plastic containers at about 8OC. 

The influence of particle size on consuqption of pelleted experimental 
rations ms controlled by feedirq only l/32-inch pellets until a mean fish 
weight of 0.56 g was achieved arxl only l/32-inch pellets thereafter. 
Alevins fed the referencs contmlrationreceivedNo.2gramles,for the 
first 10 days of the trial, then No.3 granules until they ware at,;least 
0.56 g, and finally 1.0 mm pellets. 

~u-%i to assess chapges in .aJevin might and fork Wqth ms 
rzzoalct& &mediately priqr to inititi p~tation of feed and after 11 
and35grcwing-days. At tho+e times, the biomass of fish in each tank ms 
first de&mined, then cn;le or more sm@es of at least 40 alevin@ collected 
franeachandweighsdtothe nearestO,lg. Sampled'alevi~were 

.anssthetized with triciane m&hi%ne sulfohate, measured to ths nearest 1.0 
mn fork length with Frnier callpew, airj reM to the,appmpriate 
tanks. Clmqes in peliet.si&e tire ,b+sd ti w&ight data qbta.ine&from 
small sanples collectsd after 18 and 23 grmirig day~$. Growth response 
data by replicate lot are listed in @endix II. 

Upm termination of ths fe&.ng trial, randm samples of 80 to 90 fish 
w3re collected franeachtreatmsntreplicate. Sanqleswere subjected to 
analysis for proximate amposition; results by replicate lot xrs listed in 
Appendix III. 
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Data AnalYsis 

At termination, overall rates of growth in length (11 - 1 /day) and 
might (100 x In wt - In wt /days) ore calculated. Feed/gayn (dry wt.) 
(g of dry feed off&/ g we? wt. gain) and protein efficiency ratios (PER) 
(g tit wt. gain/g mte;in offered) Wrs estimatsd for periods of 
to-appetite feedirq&sncarewas *toss&d feed,uJastage. -Analyrsis of 
IBriancs was applied to grqvth,.fesd utilizatioon and flesh:canpceition 
data. Duncar~~smultiplerangetestwas enployedtoqkrate trt&ment 
means at the 0.05 significance level. 

F&sultssndDiscussion 

MaWorgranukrdietscustomarilyincluded instartingrationrsgimes 
forsalmwridswere~cessfullyreplacedwitharegimeofextruded1/64and 
l/32-inch pellet forms. First fe&ing fish had no diffic&Ity in uxisumirq 
the pelletized ration arxI fish reqonse wafi'ecpit to the g-ranular 
camlercial ration. Rationsw?reequallyessytohandle,although 
pelletized rations had a ter&ncy to stick together once thaw&. A slight 
~inacovered ~tal~rwsrrs~lthai:wasrequiredforsaparation. 

Asanoptionforthe preparationofstarter rationsextrusior~ks 
&ivzkn~ over cru&linglargerpelletsizes coupledwithscreening. This 
is particularlytrueifspraydriedbane-freeprod~tswereavai~le for 
formulation. I3owmer, maintenance of smdll enough particle size23 was very 
difficult to achieve even in a laboratorjr situation. On a comnercial 
basis, the experience gained in this investigation f3howzd this opt&xi to 
havle a lclw level of feasibility. 

Prior to presentation of feed, no significant numbers of fish wzre 
lo&. Fish-tobe ingocdhealthwithno gross signs of infectious 
ornaninfectiousdiseaseprooessesobserved. Mortalityrosetoabout 1% 
per dzq (8-10 fish/replicate/day) shortly after initial feeding..Mortality, 
mr, declined rapidly wIthout treMment to 1 or 2 fish per replicate on 
thellthdayof the trial. Only anoccasionalfishwaf3lostthereafter. 
The etiologic -t(s) were tentatively identified as tee of the 
Aeramnas hvdro&vla canplex. Alevins reared at the source hatchery w3re 
also observed to qrience this problem. 
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Rations prdlueedgrowth rates thatvariedinasignificant (PL,OOl) 
manner (Table 1). Rations deriv;lclg their major protein complements fran 
SDHYCWard the xmnerciallyprodhicedSDHYFyieldsdrates of weight- fork 
length & inferior (P=.O5) to the refe- control. !Lhe rate of weight 
W for fish ff!wWJ QR +ioy! -pta-ipy y was erior to sample 
and SJXlYF, but inferior to'VS@,and SD$S With~b&f Uver 4*.05): *It wa&,, 
equal j&&j ) to all other"prot&Y 1';' .m::p&ew 'mf-~701 M ?t&-; 
rati- 6-k & ,*tgh .g >;&p&?i'3,~, SDHys ifna -1' 
with all &&" ikst@d~EEddeptancje ~.&&&ic@‘~:;(~.O~) rateslof 
might gain. Protein sources yielded grmth-rate&&s masured by-fork " 
lm inwease similar to that for might. Acceptance enhancing. 
cxmpomntsSnths rationcontainihg SDHYSas the~mjorproteinsowcedid 
not(P=.05)effectgrcwthrate (weightarxilength) indirectcoqparismto 
~tel?. The mstrapidgrcwthwasprcduxdbyproteinsources originatirg 
fran salmn; ths steam tube dried .ealmcm.product-yielde&grcwth equal to 
fmcuwn and SpPay dried. 1 , .,. . . 

Table 1. Mean fish size and gruvtbrate '. 

mjor protein &me Fish weight(g) Fish length (mn) Specific gru@Q Rate of length 
"mist" aaimment Lnitiai Final initial Final rate (X/W) ' increwe (mm/d~yJl'~ 

SDHYS - kriil 
SDHYS-beef liver 
SDHYS- tutia viscera 
m-squid 
SDHYS-shrimp 

d.32 1.15 34.7 50.i 
0.30 1.29 34.8 50.5 
0.31 1.30 34.5 51.7 
0.31 1.10 34.4 48.2 
0.31 1.17 34.5 50.0 
0.32 0.75 35.0 42.7 
0.31 0.84 34.8 45.2 
0.31 1.24 34.6 50.4 
0.31 1.18 34.4 50.5 
0.31 1.31 34.9 51.3 
0.32 1.21 34.3 49.8 
0.31 1.20 34.6 49 .,9 
0.32 1.19 34.6 50.5 

3.66 ab 
4.13a 
4.10ab 
3.61b 
3.83* 
2.44' 
2.75' 
3.94* 
3.80* 
4.12a 
3.81ab 
3.9'lab 
3.78* 

0.43b 
0.44* 
0.48a 
0.38' 
0.43b 
0.21e 
o.2gd 
0.?4& 
0.45* 
0.45* 
o.43b, 
0.43b 
0.44ab 

F-wus 20.536 ~iQ.7tJ!i 
Significance PLO01 P),.tii 

&seduponadlib.f~#romOthmugh35days 2100 (ln final' 
wt. - ln initial wt.)/days lihiallength- initial -Krw*m 
&odiet Starter Ration;-Biop&mWzts, &&., WarMnton, mu "V&mm dried 
salmon hatchey - Ccynercial stfiam tubedried salmon hatchery 

z- 
Vacuum dried Padific hake Spraydriedh~l~~Pacific 

Spraydriedl~ydrolysed,groundfishc+rcasswsste Canmercial 
spray dried fish Spraydrisdhydmlysed6alnmnhatcherycarcasses. 

~Meanval~inacolwnnwithsame eqxment letter did not vary 
significantly (pr.05) 
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Thepalatabllityofallrations-wasvlerygood. Noevidence (prC.05) 
wmobsermd either ofasub$3ctivemtWeorbasedupon fesdccmsumption 
bs~lland35dayswhen ccmmption wa8 measured in an accurate manner 
to suggest that acceptance enhance= replacing water impKNlea palatability 
(Table 2). Feed recognition arad conswnptionwasohservedbythesecondday 
oftbetr?ial,activefeedingby~s~dsry,~verygoodresparnseby 
thetenthdayrsgardlessof rationtreatmnt. Rations containing 
kq7drmlysedspraydrisdproteinsources cansumed quantities of feed equal to: 
ths reference control, krtlessthan rations containingvacuumand steam 
tube dried intactproteinfmurcee (P=.O5). This was adirectrespmseto 
the mre~nutrient de.& characteristics of the~rations containing 
' dried protein 80m32f3a It is clear'that moist material 

preamceivedtoprovide&pmmdacceptancedonotin 
ratianscontai~highq[uality~tein~~andinparticular 
hydrolysedandspraydrisdpxzcmcts. 

Fesd conversion(drywt.) for the reference controland‘testrations 
cantainirgtheprotein'sources vBM,m,~,sDBYs~sDHYs 
-tain-mJ ='=P-= enhancers did not vary significantly (Fr.05) (Table 
2). Theconversion(drywt.)of rationscontainingtheproteins4krcss 
VHHI, SDHYF and SDWCW pmduced inferior (pC.05) conversions in the list&i 
o*r. Hydrolysis of hake protein significantly-(P=.05) inpmvsd fesd (dry 
wt.) conversion. The efficiency of the protein fraction of rations varied 
significantly (P&001) (Table 2), but revealed gmerally the fmne results 
WthOSt?O- for feed (drywt.)/gain. Theonlyexceptionwas related 
to theobsemtionthat!mHYswithkrillproduced a significantly (P=.O5) 
pcomr protein efficiency ration than SDHYS with beef liver. Proteins of 
vacuum, steam tulxandgpraydrisdsahnonwere mnvertsdatanqual rate. 
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Table 2. Mean-feed czzcxmqtion and comersion 

Major proteln &urce 
"lmist" tixapmmt, 

(a drY 9 
1425 da's 

Fw(dry 
040 .Jlavs Wt. )/sainl 

Protein 1 2 
efficiency ' 

127.7 
123.0 
124;O 
125.4 
125.0 
128'.4 
li6.9 
127.4 
126.2 
126i.3 
127.4 
125.6 
126.3 

--I_- ----- -1----m- 

6;%089 19.735 13.941 
~~.00!5 PLO01 PLO01 

-,upM ti lib. feeding fralCths elmth ths thirty-fifth 
dai! 
Bioprcducts, 

wei&t gain (g)/pmtein offered ('g) Starter Ration; 
gnc., Warrenton, OR. vacu\rm dried salmon hatchery 

Msanmuee tiacolunnwithsameex@olxqtletterdidnotvary 
significantly (P=.O5) 

Ration canpasftion significantly influenced the moisture (P&001) arki 
dry weight ash (PLOOl), fat (P&001) atd mtein (P&01) content of fish 
(Table 3). Thebcdyashcunt&ntof fishsupplisdrationswithspraydried 
protein bources HI&~ lower.(P=.O5) than rations containing intact msals as 
their major source of protein. Gensrallythislowerashbntentwas 
acampmied~hiQher fatcontsntd iawm bodymbistureardprotein 
levels. Canpo&ition Variation deper&nt w'the species sour& of the 
major protein swrce.qpearsd to be mini&l&L. DiffeY+ces that did exist 
wze related to boay f&t content and its usual relationship to moistureand 
protein &Gels. LavJer bcdyaski contents reflect&da considekably leas 
developed skeletal structure per body 11&88 for fish.m&plisd spray dried 
protein sources. Bans removed fromh~lysatespriortospraydrying 
reduced ration ash content fran 18-N% (dry wt.) for rations cantainlng 
intactproteinsmrces to 7-8X. Thehighercalciumandpho@xxow -tent 
of intact@roteinlrrealswouldappeartobe importantinthesbletal 
fozx&Acxn of young fish or produces fish with a greated skeletal mass in 
relation to bcdy weight. 



Table 3. man body tianpositi~ 

Major protein suurce - Percentdwweight 
"moist" 'Bt Moisture (%I Fat "Protein 

1 

77.4Cic 
SDHYS - krill 78.00k 
sDHYs- beef liver 77,.6Qc 
SDHYS- tuna viscera 77.77c 
SDHYS-squid 78.03b 
SDRYS-shrimp 77.82' 

F-&ale 
Significance 

12.947 
PLO01 

79.762 28.365 4.312 
P&O01 P&O01 P&01. 

&diet Starter Ration;3Bioprcducts, Inc., Warrenton, OR 2vacuum dried 
hatchery carcasses 
dried Pacific hake 

gomnercial steam tubedrisdsalmonhatchgzycarcasses 
Spray$ied~lysedPacifichake spray dried 

hydrclysed~fishcarcasswaste Camnercial spray dried fish 'Spray dried 
hydrolysedsalmoncarcasses 

Me&n values 1n.a column with same exponens letter did not.vary signAficantly 
(P=.O5).' 



AEPgNDIXI 
Ration DEilsrirstion, skcmmlation aId 4Iiowositim 

Camcsition 0f'tWio.r Protein Sources: 

Percent wet weiaht 
MOiStWX 

4.31 
7.63 
8.82 
3.56 
8.06 
3.38 
7.32 

3.55 
5.49 
6.34 
4.41 
8.78 

15.42 
8.99 

.#2 
19.98 

,&3h 9 ..QO 
dash w$Y -*.I 12.3i 
,&A (% *t ivt:) 18.58 
Fat '(% dry wt..) . is.&? 
Pkteiq (%,ujet wt.) $6.91. 
Fmtein, (%.ilrv +.I 58+i. 

Fat 
3G 
16.39 
15.24 
18.69 
14.61 
10.34 
14,i9 

k, 
I9;61 

95 31" 
.'lid7 
d7.64 
21.91 
46.67 
57.98 

Protein 
54.48 
72.83 
,69.98 
75.65 
71.12 
71:91 
71.15 



Total 100 

Prwimate czutmoeition 
Moisture (%) 25.08 
Ash (k w?t wt. ) 6.80 
Ash (% dey wt.) 9.08 
Fat (%vMwt.) 18.90 
Fat (% drywt.) 25.23 
Protein (% wet wt.) 42.37 
Protein (% dry wt.) 56.55 

code: 
~Proteins0u.r~: 

"Moist aTmmt" : Wkxter 
Proteinsuurce 61.0 
Spraydriedtilebl 

Sodiunbentmite 
OR vitamin premix4 
H@?rhqJ oil/ariti' P Qloli.w! chloride 
"Moist culqxgmtft8 

Total 100 

FWMmate cmmeiti~: 
Moisture (%) .19.8? 
Ash (% w?t wt.) 4.88 
Ash (k m--1 6.09 
Fat (% dry wt. 1 23.32 
Fat (X drywt.) 29.09 
protein (%mt wt.) 62.05 
EVotein (X dry wt.) 64.92 

-, ,.2.;:&. :; i&J 

11 .62 
2.do ,L 

.1;0.,36 
".1 2“;QQ 

OtilO : :o.ao: 
2.00 2.00 
1.. 50 1.50 
3.00 a..QQ 

lO.oQ 10.00 
7.30 9;QQ 

0 .‘60 
) (18.00 

100 
1 

0.50 
(18.00 

100 

21.93 
9.66 

12.37 
18.94 

25.40 24.26 
43.05 42.76 
56.67 54.77 

24.03 
6.98 
9.19 

19.30 

5;4 
0.1 
2.0 
2.0 

,5;4. 
0.1 
2.0 
2.0 

11.5 

(1:::) 
100 

(lZ, 
100 

12.b 
0.5 

14.0 
100 ,. 

22.64 15.99 17.80 
5.48 4.87 6.35 
7.08 5.80 7.72 

21.84 30.29 22.79 
28.23 36.05 22.72 
50.51 48.27 51.94 
65.29 57.46 63.19 

25 
SDIiYs~ 
Kril1° 

61.0 

27 c 
SDHYS" 

Beef livkr8 Tuna h&ira8~ 
61.0 61.0 61.0 61.0 

5.4 
0.1 
2.0 
2.0 

11.0 

(it!, 

2o.io 
5.13 
6.42 

22.68 
28.38 
51.98 
65.06 

5.4 
0.1 
2.0 
240 

11.0 

(1:::) 
100 

6.4 '. 5.4 5.4 
0.1 Oil 0.1 
2.0 c ,2.0 2.0 
2.0 2,O' > 2.0 

11.0 ll.Oc ., 11.0 
(1:::) 0.6 : 0.6 

(i8.d): (18.0) 
100 '106 ial 

19.64 17.99 '2();98(,"> .'20,58 
4.72 5.00 4..99 5.01 
6.87 6.10 6.31 6.31 

22..33 23.32 22.94 22.71 
27.75 28.43 29.63 28.59 
51.74 53.35 51.86 52.02 
64.30 65.05 65.63 65.50 

2% . 12!&pmtein,max. 6% moisture,max.lO%ash,mx.3%salt 
. 23% protein and 7!& fat 
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3Gan/lb: Zn, 34.60 (2WO 84.g/lb); mi' 34.00 (IW04, 94 g/lb); 
Fe, 4.50 (Fe60 .7E$O, 22.5 g?;b); 1.76 g/lb); I, 0.23 
(EI03 0.38 g/fb); dilutsd to l.OO?b :ig k=&oduct. 

%I /lb: d-biotin, 18.0; vitaminB6 $35.0 (pyridoxine.HCl, 650 
l&l); E! ") 1.8; vitamin C, 27,000.0 (aqmrb$c acid); vitamin E, 
15,200%-(Warer dis&wsible alpha tocC$ibe&'yl acetate):-,!;folacin, 385.0 
(folic &$d); ,$I@-&sitol, 4000i0 (~$t pIqt$te); vitaminE.l80.0.- ' 
(mmd.iax-scditi bikalfite canplex, 545 nigj; niacin,:~5700:;~0;~~~. 
d-pantotheuic acid, 3200.0 (d-calcium pantoWte; 3478d.g or 
d,l-calciwn pantothemte, 6957 mg; riboflavin, 1600.0; thiamine, 715.0 
(thia@ne mmonitrate, 778 mg); dilute to 1.0 lb with cereal prcduct. 

Spacay dried bone-free hydrolysate pasteurized at 180°F for L5.0 
min. 6 

Stabili2zad with 0.4% BEA:BIFT (1:l); free fatty acids not mre 
- P 8Liquid, 70% 

"Moist coqqmNnts" heat pasteurized at 180°F for z5.0 min.; 
liquefaction (hydrolysis) variable depemwqupcm insituprotsolytic -- 
activ ty 4 ( )4wAification in "mist co-t" required to achieve 
extrusion of small pallet sizes: cods 18-21, 3.0 additional parts of 
water; cods 22, 4.0 additional lapis of water; codss 25, 28 aM 29, 
3.0 dditianal parts of krill, squid and shriqp, respectively; cede 
26, 8.0 additional parts of beef liver; cede 27, 5.0 additional parts 
of tuna viscera. 
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Eked Corisurmption ard 

Qrawth Data (o-35 cws) 

Tim tdw)/lot weiaht(g)- Tim (da~l/averaae fish weight k& 
code/ 

5% 
118 
18A 
18B 
19A 
19B 
20A 
20B 
2iA 
21B 
22A 
22B 
23A 
23B 
24A 
24B 
25A 
25B 
26A 
26B 
27A 
27B 
28A 
26B 
29A 
29B 

ll(All 11(B12 
336 276.0 
335 II 
333 I 
395 
362 
328 
327 
329 I 
368 I 
349 I 
316 
351 
298 
288 
302 
318 
330 
336 
344 
357 
335 
339 
328 
323 
343 
347 \ 

35 0 
146 

11(A)& 
0.317 0.,485. 

7io 0.320 0.441 
777 0.304 6.432' 
792 0.303 0.453 
787 0.316 0.460 
795 0.312 0;432 
692 0.308 0.426 
711 0.314 0.429 
736 0.313 0.455 
769 0.310 0.445 
755 0.307 0.446 
732 0.307 0.425 
545 0.318 0.381 
531 0.321 0.402 
569 0.309 0.383 
573 0.314 0.385 
703 0.305 0.430 
739 0.318 0.430 
794 0.315 0.453 
811 0.302 0.477 
749 0.312 0.449 
745 0.323 0.451 
756 0.310 0.458 
741 0.316 0.450 
712 0.323 0.443 
750 0.311 0.455 

jw& 
ok4 
0.445 
0.436- 
0.444 
0.434 
0.422 
0.415 
0.454 
0.427 
0.431 
0.417 
0.376 
0.373 
0.376 
0.385 
0.438 
0.433 
0.444 
0.434 
0.427 
0.441 
0.441 
0.426 
0.443 
0.431 

35 
1.171 
1.aiq 
1.264'. 
1.289 
1.316 
1;280 
1.095 
1.105 
1.253 
1.221 
1.202 
1.145 
0.768 
0.736 
0.810 
0.819 
1.152 
1.209 
1.310 
1.303 
1.191 
1.221 
1.229 
1,179 
1.182 
1.200 



Tlme~~?iod (days) 

17Ai 34.;?.6 
1-B 84.-f&4 
18A '. 34:22: 
18B 35,45 
19A Mi23 
19B 3&6? 
2oiA 34.17 
20B 34.57 
w4 ti4d63 
2XB &id84 
22A 34 m-41 
22B 84:;62 
23A 34181 
23B 35.18 
24A 34.51 
24B 35/12 
26A 33.96 
25B 34.82 
26A 35.54 
26B 34.34 
27A 34.15 
27B 34.48 
28A 34.50 
28B 34.68 
29A 34.79 
29B 34.34 

34L35 6oi34 
3&21 r@O 
336.13 6@22 
34.93 50.78 
34.31 51.74 
33.60 .s$ I66 
33.91 48.07 
34.00 48.34 
33i&8 61',69 
34.00 rs4.22 
34.10, 66.42 
34.28 49;62 
S&i55 42.87 
33.84 42.47 
33.12 46.07 
33.50 45.25 
34.40 50.11 
34.03 50.85 
34.06 51.13 
35.60 61.41 
33.69 49.84 
34.30 49.70 
34.85 50.32 
33.55 49.59 
33.32 50.82 
34.00. 50.19 

9 

i; 
17.. 
20 
12 
19 
19 
1-6 
13 ., 
9 

19 
22 
17 
29 
15 
i7 
23 
13 
12 
14 
13 
8 

18 
18 
13 

53;; ‘ 
6‘..2- : 
6..9 
7.5 
5.1. 
7.1 
7.9 
7.3 
6.4 
4.2 
8.4 
7.6 
5.8 
9.6 
6.3 
7.3 
9.1 
6.0 
5.7 
6.7 
6.1 
3.3 
7.4 
7.6 
5.6 

p3ed (a wa'wt) 
g&11 11-35 

159 s6 411.6 
169,@ 38‘6.,8 
-164.2 ': 444:8 
164,2 402.3 
163.2 435.4 
163.2 449.4 
160.6 475.9 
160.6 423.7 
158iO 373.7 
1SS.Q 369.1 '. 
16166 382.7 
161.6 411.0 
152.8 338.1 
152.8 368.0 
154.4 340.4 
154.4 348.8 
168.0 350.9 
158.0 363.3 
157.0 375.2 
157.0 367.4 
155.4 358.2 
155.4 368.3 
159.0 373.9 
159.0 363.2 
159.0, 372.5 
159.0 361.8 

2 ish lot weight oraverage fish weight pribr to lot size reductlo& 
ish lot weight, avem fish WlEwlght or fork length after lot size 

reduction. 



mtirnl code/ Percent wet weiaht 
TaplkR0P. MOiShlre m Fat Ekotein 

17A 78.30 
'17B. 
,18J& '. 

q.;95 
7&~56 

188 7g7 
19A 77.98 
19B 78.25 
20A 78.62 
20B 78.43 
21A 77.21 
21B 77..70 
22A 77.97 
22B 78.10 
23A 79.79 
23B 79.85 
24A 79.73 
24B 79.46 
2!5A 78.05 
2m 77.96 
26A 77.71 
26B 77.57 
27A 77.89 
27B 77.65 
28A 77.85 
28B 78.22 
29A 77.67 
29B 77.97 

2.04 6.10 13.94 
2.06. 5.46 14.15 
2.04 5.93 d4.33 
2.03 '6.02. '14.02 
1.96 6.69 13.79 
2.02 6.26 14.26 
2.04 5.84 14.17 
'2.01 5.82 14.09 
1.69 7.50 14.47 
lS4' 7i29 14.03 
1.68 6.77 14.08 
1.74 6.66 14.25 
1.60 5.79 13.71 
1.60 5.55 13.78 
1.55 5.78 13.64 
1.56 5.91 13.95 
1.65 7.13 14.03 
1.61 7.34 14.29 
1.69 7.21 14.34 
1.68 7.32 14.36 
1.70 7.04 14.27 
1.71 7.18 14.29 
1.66 7.25 14.27 
1.64 7.02 14.21 
1.69 7.10 14.43 
1.65 7.21 14.09 



ADDEiNbuMi3 
DE?ELOPMENTOFRATIONSFORTHE: 

SURVIVALOFSAIWN 

Ekmneville Pow% Adm.inist?mtion Project 83-363 

Cunptive Ekraluation of Vacuum Dried Flsh,Meal 
and Sprey Dri$d Hydrolysates to High Quality Comnercial I' 
Fish Me&l8 es Protein Sources for Ekll Chinc+Salmo.w (I. 

Introduction 

Thisirjrvestlgatianwasdesignedtop3unrldeabeflnitS~of thedr 
relative protein quality to high quality comnercial malS using small well 
controlledlaboratoryscale feeding trldls. Thedesign of this 
~tigationdlsoall~anevaluaticmof theeffectofhydrolysison 
protein quality and a test of %oist" a& "soft dry" ration formulations. 
The,%oftdry" ration~ptcouldaLlow~~lingof~ghquality~ 
enersjr rich rations at ambient atmospheric tempera~ eliminating the 
need for freezir-g rations. 

Experimental 

Ratian Forlnuiation 

Sixmistand.sixsoftt$cyrations cmtainiweitherhighprotein 
herring meal (HPHM), vah dried *tchery salmwn carcass~ (VW), ,vacuLIIII 
driedwho1ehake (VHxM),spraydried&drolysedtitchery~car~ " 
(SDHYS).arspraydrled~~~~~le~ifichake (SDF)as t&elnajor 
scnwke of protein we* foqulated.end prepared at the Oregan State, 
uni~rsity fizeaioqde: Laboratory. All rations'ixmtdried 1evelS pf major 

' protein sources &kh w@d pPcwi* equal protein (6.25 x total Kjeldahl N) 
to~-th&t~pKwided by 40.0 percent VSM. Fomulation goals dictated the 
**ion of variable quantities of,herriw oil to the rations as required 
to provide a 1:l total fat:protein caloric ratio (9.0 kc&&fat; 4.0 
kcal/g=protein). Ration canpments were milled, mechanically mixed and \ 
extrw%d into 1.2, 1.6, 2.4 M 3.6 mm length dieter pellets. Pelletized 
raticm was placed in airtight plastic free&r containers ar'd frozen ark' 
stored At -12%. Ration pr&ein source alloca'tion to~treaiment replicate, 
proximte ckqmsition of major protein sources aM the formulation and 
proximate coqmsition of prepared rations are listed in AppENDIX I. 
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Ercperinx?ntalFish 

Each experimental lot of fish (2 replicate lots/ration treatment) 
consistedof 225 randunlyselected fall chinook (tulestock) (meanweight= 
1.26+,044 g; mean fork Mqth= 52.19+1.046 mm). Fish were distrihted to 
24 tank replicates on 36 February 04. 

Fish x@?re held j.n cylindrical (0.92 m diameter x 0.72 m'depth), center 
drained, f9bsrglass tankslocatedin-dcors attheOregonDepaHment of Fish 
and Wildlife Clackamas Laboratory. Lightiqr by overhead fluorescent lights 
~ascaa3ltrolledwitht~~~chHlere~justedtoproviaeadi~lghaur 
light (14.5 hmars dark cycle, separated by 0.25 hcurs mow a+I evening 
periods of sirmulated tw$iight). Tank v@;lumes,~re adjusted to'3300 liters 
and each was -lied with uricirntlated -11 wter (12 C) at a rate of 10.0 
liters/minute. Chitfalldissolvedaxygenconceqtratians, BbyWinkler 
titrations at biwleeMy intervals, did not fall below 8.0 p@. 

Fishwerefed~~anetofaurt~daily,aependingonobgerved 
feediIgl?eqxuB,sothat9llfeed~esentwasconsumed.' Rationswere 
withheldonwzighingdays. Daily feedIng levels were based on a metric dry 
wzight hatchery constant of 177.8. Feedingrateswz-eadjustedatbiweekly 
intervals. Fish frcmeachtenkwereweighedcollectivelyevery14 days, and 
i.Mividually -ed to the nearest mm fork lergth at the end of each 28 
day interval. Fish were supplied the smallest (1.2 mm) pellets until they 
reached an average wzight of abuut 2.7 g (17 days); 1.6 mm pellets until 
they were about 4.6 g (14 days); 2.4 mm pellets until they were about 13 g 
(46 days) and 3.2 mn pellets until the eM of the trial (38 days). Feeding 
was teminated on 11 Jm 84 after 115 dqs of feeding. 

At the conclusion of each 28-day intenml, growth in length and 
wight w3re assessed, and specific growth rates, protein efficiq and 
fel?d/gainratios were canpted. Upon termination, 10 fishfromeachtank 
v~ere pcoled,for the determination of whale body canposition. An additional 
lo fish fmm each tank were collected for hematocrit d&e-nation and 
gross exam&nation for internal and external signs,of nutriti&nal disorders. 

--ofgrowthresponses, were analysed'using a f&&or&l +nalyrjis 
ofvarianoedesign. FactoSal l&vel~msans and treatment'mean& were 
separated usi- Fisher's LSD test at a factor si@nifi- 1-1 of P=.O5. 

Results and Discussion 

Moistzationsprcduced grcwth rates superior (P&001) to soft dry 
raticms yielding heavier (Pl,OOl) ti longer (P>_,OOl) fish (Table 1). 
MoistandsoftdryratiorB containingateamtubedriedsalmcr meal (STSM) 
andspraydriedh#rolysedsa.@on(SDHyS)prodazced equal (P=..O5) growth 
ratesend fishweights. MOist a&l soft dry rations con&ining high protein 
herringmeal(HPHM),STSMandSDHYS m equal lengths (F.05). Moist 
rations containing=, vacuum@ri&salmanmsal (VSM), vacuumdriedhake 
meal(vHKM),andspraydriedhydroly=dhalte( -)allP=ld==JP-th 
superior (F.05) to their counterpart in the soft dry ration. Soft dry 
ratlms containiqg HPIIM, VSf, VHKM end SDHYHK yielded final fish wights 
that were less (p;e.O5) than moist ratiorB. Fish supplied soft dry rations 
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cmtaini~ VSM, VHKM and SHYHK YuBre shorter (W.05) than similar moist 
ratione. The condition factor co-ted for fish receiving the mist and 
soft dry rations did not vary significatly (Pt,O5), 

Protein sources significatly effected specific grcwth rate (P&.001), 
final mean weight (P&005) a& final fork lergth (P&001). SDHYS produca 
thebesegruvth~as measUmdbyallthreeparaImters, butwasequal 
(P=.O5) to VW. SIB4 produced a specific growth rate' equal (p3.05) to both 
SDRY!SandvsE(I. VHBM produced a grolk;Jth respoq& as nW@ured by specific 
grcwth rate, final mean might and fork,l&qth *that .MsUferior (P=.O5) to 
allotMrproteinsour&s. HPManC,+DHYHKprcducedgra+vthmspomes 
intermediate beWeen SDHYS-M,& VDHKM. Protein source did not 
significantly (P=.O5) alter the co&iticm factor of fish. 

HydmlysisofbothsaJmonandhekepmteinsources favcrablyen+nczd 
specific g+9th rate,in both moist ard soft dry raticms. ImpIwvemnt, 
hcmver, wirs not significant (P&05). VSM produced slightly (NS Pr.05) 
heavier and 1-r fish thamits hydrolysed counterpart inmoist rations, 
Mt sign$ficantly (p1.05) lighter and sh6rter;l fish in soft dry rations. 
SDHYHKpraUcedheavieraMlonger fishthanitsintactcuunterpartinboth 
moist and soft dry ration fomalatdons. This relationship W significant 
(W.05) in all cases exceptwithregardto the finalweightof fish 
supplied the softdryrationccmtaining &2seproteinsources. 

VSM performed better than comrcially prepared STSM in moist rations. 
VSM pmduced heavier and longer fish (P=.O5) with a slightly (NS P=.O5) 
better specific grmth rate. Conversely, STEM produced a slightly (NS 
e.05) better specific grcwth rate in soft dry rations which yielded 
scme&at (NS pC.05) larger, but slightly (NS pC.05) shorter fish. 

Inspection of individual treatnjent meansrevealedmlyafewinstances 
of a relative effect of protein source on the performance of lm ration 
types. Ration x protein source interaction effects were rmt significant 
(PL,O5) with regard to specific g?mwth rate, final fish weight or fork 
lm* 
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Table 1. WcWthresponseof fish 

Ration Protein Initial Fina& man 'Specific Fork 
woe 1~31--wt:.(a) wt.(s) 

Conditpn 
mowWrate4 lemthhm) factor 

; : 
.HPw 1.242 

w&i 1..273 
Moist @@j :., -1.269 

33y$qT ,' 3.248 
=!e 1.235 

1.277 
,. -I----------- 

1.265 
1.268 1.219 '. 

soft rvHjtiM 1.266 
w m: 1.266 

l.268 
1.264 

Analysis of VarUnce: 2~6,factorial desZm,.(n=2) 

F-values 

Itatican (R) 60.412 55.6g2 41.412 1.69l 
Protein source (Ps) 9,282 

1.501 
8,443 
1,46l 

10.212 
2,68l 

1.54l 
l.401 

Renkiag of Protbin Scur& Lsvel Means: 

Final lean wt.,(g) sDRYs>~vsEI> SW SDHYHK, HPHro yi& 

Specific grmth r&e sDHYs~vst9sTsM>HpHM>-~ 

-----1---1-1--------------1-.---------i----- 

Renkirq of.Ration Level Means: .' 
.' 

Mean wt (9) mist > Soft drY 
Specific 'Qrmvth rate Moist > Soft dry 
Fork le (mm) mist > :3oft dl?v 

As PL.OEi 2 s9g PL.001 3 sig P&O05 
$n final average wt.yln initJal average wt./No. days x lo0 

100,ooo x wwgM~erg;th-mm~ 
meansin~columnwithsams exponent letter did not‘vary signAficantly 

Level mqns wih sams urhrline did not vary significantly (e.05) 
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Moist rations pmduced a superior grcwth rate over soft dry rations 
through- tcxmsmption of more (P&005) feed and superior feed (dry wt.) 
(P&001) and pmtkin (P&001) conversion (Table 2). Inspection of 
irxlividualtreabmxt means revealed moist rations to be superior (P=.O5) to 
softdryratibns Ir'allcases exceptwithregazdtothe cxmsumption~(dry 
wt.) of feed co+@,n$~ SDHYS arqwith regaHt0 the cxxq~ian.(dry~wt.) 
of rations contaiqiq.HPHM am3 @S&l (NS e+j,Q6,). All mo4+$ ration protein' 
treatments YJere b to.have better (P=;Q6),proteln effiicienc&es ,thzm 
their soft dry cmqterparts. ,. . . . . . : 

Protein source did not significantly (P&06) effect bed consuqptibn 
(dry wt.)* Rations con~pmteinsourcesderived fromsalnmn.were 
consumedin thegreatestquantities in the follcwingorderVSC@STE@D~. 
Tim ~ferenck'for:rations containbqj w.protein suurces appeared to be 
the mason for a significant (P&925) ration x protein v interaction 
observed for f&d ,(dry wt.) cansuqti*.'~protein~ceswe~ 
consumd better in soft dry rations in relation to,moist rations than other 
proteinsources. 

Zked conversion (dry wt.) was significantly (q&001) alteMl by 
proteinsource. SDHYS yielded a conversicm rate superior (PKOS) to all 
other protein sources. VSM, Slxi!mC,HPHMandSTSMprodiuoedequal(P=.o5) 
conversionrates in the order listed. vHKMproducedthepoorest(P=.05) 
conversion rate. Ration amI protein source did not interact in a 
significant (PL,O5) manner. 

Protein efficiencies varied (Pl,OOl) by protein source. SDHYS, HPHM 
and VSM yielded equal (e.05) end the best efficiencies An order. VSM 
produced efficiencies equal (P=.O5) to +E3M. VHKM arxl SDHYHK posmss& 
equal (P=.O5) effic&mcies; SDHYHKwas qual (pr.05) to STSM. Fkktion‘ard 
protein source did not (P(.'O5) interact to effect protein efficiencies. 

Hydrolysis of protein sources altered feed (dry Wt.) conmnption, feed 
(dry wt.)/ gait?, aryjI protein efficiencies in varying degrses. SDHYHK,was 
conswned in laigeS.quant~ties in mist~x+ations and on an equal basis in the 
soft dry fomulati* (P=.O5). ~Conversel~~SDHYS was consumd inlkger 
amuunts in the soft dry'ration and in smaller quantities in ths mist 
ration than intact VDSM protein. SDHYSandSIIEiYHECyieldedbetter feed (dry 
wt.) Comersions ark4 protein efficiencies than their intact meal protein 
counterparts. This obsemation was signA&kar$ (P=.O6) in all cases for 
feed (dry wt.)/gain except for themoist.ra+on contaJ.ning SDH!IS. Protein 
efficienizy differences did r-mt vary.=&nificantly (P=.O5). 

VSM appeared to perform slighUy better tl@n its conmerclal ?tF tube 
dried counterpart. More (F.05) VSM was cxa&mwd in mist rations ard an 
equal(P=.O5)ammmt In softdryrations'than!XFSM. VWwas converted 
slightly better (Pe.05) in moist rations and Yn an equal (P=.O5) Ibanner In 
softdryrations. VSM pxduced better (NS P=.O5) protein efficiency ratios 
than!3!J!sM inbo*moist~softdryratians. 
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Table 2. 'Fe&l &nsunptib+nd cxn'WerSiF 

Protein 
,efficbncy ',. ",,~."' (,, aI 

Analysis of Variance : '~kx6~f'a'ctori~'debicm O-d?~ 

F-v&k 

Ration (R) 18.143' 
1.75l 

.45M2 
l.3.022 

48,5k2 119.162 
Protein source (PS) 

4.184 1.74l 
15.322' 
1.88l 

11.4B2 
l.lol .' ---I- --------...-- -I-.-.-- ---i,----&--- 

Rankitg of Prckein Scurces Level Wan: 

Feed (W vq($a 
Feed(vaztwt)/&n C 

lNSP~,O& 2$ig P,.001'3Sig. P>.OO5. !Sig. P&O25 j, 
valliemeens inco1unmswm& exponent let&s d&no'; vary 

significantly (Pr.051 
Level mearts with same ukierline did not vary significantly P=.O5 
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ESo&,moistupz, fat ,(+lry wt.) abi protein (dry,wt.) contknt&and blood 
h+matdit +iiii yi& not's~~fi~tly";(PI.O5).,effect~'by either ration 
type of p+einGour 'ce (Tqble.3); B0a~~a.W (dry uit.) "8 not (PL;O5) 
effected by‘ zhticjn 'w, but ks~si~ficrurtly (P&025) altered by'ration 
proteinsource. Insp&ctionof iavid& treatmntmansirxiicted that 
ratians~(hob~moist ad soft dry) contagning.~ arkl m possegsed the fdt, ~w g&C+&&*'; Th+& grate%. t&n&es also~: pr@uced canpJete, 

. . . 

72.43 7 56-36 33 
8:02a 36: 83 

58.00 41.7, 
72.91 58.63 39.7 

soft w&l 72.86" 7 6Sa'x 37 ill 58;64 41.7 
Dry STsM 8: 04a 36.42 58,. 68. 42.9 

'srhws 
71.69 
72.85 ?..34& 39;:69 56.38 43.5 

SDIiYRK 72.47 7 . 67abcd 37.76 58.63 41.9, 
-11-m-m ----------------_I_----- -u----y- 

Analysis of Variance: 2x6 factorial de&m (n=2): 

F-value 

&i&ion (R) 
titein source 'cm), 1;96 
RXPS 
-...-A-,&~+- --m-w y- ---uI-----'----y 

Rhnkirg of Protein S&rce~L&vel Mean%: 

,pcdy~(%dx+vt.) msMesM>,vHiQul>HpHM>.sD~,>sDHys 
., . 

. 

INS Pi.05 2sig lg.025 ',: ': 
~V&$~&ns .in a column,with,f3&bS~ t letter did tit vary 

rjlignificaWly (P&05) . . % : 
LFA& mans with same urdkrliti did not vary significxmtly (pC.05) 
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Theresultsof thiainvestigationcl~y i@ntifiesdriqdprcducts 
of salmn to be superior sources of prot+* for the growth op,+lmn 
fingerlings. Driedsalmnproteins produced rations'thatwerecKmmmedarrd 
converted in a superior manner. Cmversely, hake proteins as vacuum dried 
meal prepamd us&z the best of.conditions proved to be distinctly inferior 
to.s$nqasasource of protein& for fingmlings and qen inff+or to high 
protei.nccmm2cia.J herring meal. .!< T 

wd+ws app131W t0 signifi~~ly-~~t,.~ity;.of.,h;?ke and 
sallmn pro~ins. ?h@ ~is~qui~e r&u@zMe since the'iiitact prot@n'of,the." 
~cuundri~,mealstovrhich~h~l~~~~~bei~~~~d 
havebeen essentially lackin&inheatdm@e frpplthedryirrgprooegs. 
Althnqh it seems plausible that hydrolyals could inc%ase dige+bility 
andinturnfanrorablyinfluence conversion, oneothermajordifference in 
the curposition of these two product exist&L, In *dition to hydro&zing, 
bonewas- ;from the liquified fish prior to spray dryirg. This. 
process,~~y~thr?ash~t~tof'therJrv~tsignifi~tly 
.reducingtheaahcontentofthe mkmquent ration fomulation.~ Since bone 
is rwwved, thisprocesswouldcle3arlyreduce~~l~t~t(~, 
BQ, etc.) ard completely alter the mineral balance in complete ration 
foz?lmJ.atians. 

VSMwas shmn to be only slightly better than commercial prepared 
steam IAbe dried'kal with the latter being equivalent to EEB4. It is 
clearthatthe~~ki~qudlity~rcial.mrlealsincludedin~sf~lng 
trial can function nearly on an equal basis for gmvth. Their relative 
effect on survival, howmer, is in question. 

Tkis test of the softdry ration concept with rapidly grMing 
fingerlings shmed it to be generally inferior to the more moist rations. 
Fish supp1.i~ the soft dry ration consumdless feedardconvertedit less 
efficiently into body Fight. It shquld also'be noted that the 
availability of auniquecx3n~tvitalinprcdUci~eXtrusion 
characteristics is no longer available an the market making the formula&m 
of this type of ration and its inter&d means of production impractical. 



APPENDIX1 
Ration Descripticm 

. . 
Ration Protein SoALe Description/Como6ition 

Protein Suurce Description 
mtion code Description 
#31'& 97-mm4 Highproteiricqmercial herring meal 
#32 & 38-VSM vqq drii2d%almon llieal 
#33 ,& 39-VHKM , v&&l&n &&.h$ke,& ., 
#34:&4O-s@M .s$& t&e '&y&&l camy&rcj.al .salnsipl j&&:2. 
#35 : & 41-Sm -'"' 
k36~,& 42-SHyIM: 

spigy &led :2i$igolyzd siilmk (bqrle-f*) 
spray,driedhydro~yzedhake (bone-free): 

Protein Source Pro&mate 

,22atioIl code 
#a$ :$i 'g7gPIw 
#32'& 38yVSM" ,I #33‘& 39-w L 
#34&4o-sfsM~ 
#35 & 41-m 
#36 6i 42-SWHK 

Moisture Ash 
Percent 

Fat Protein 
*,qi9? lzz 12.74 
'.8.66 S;,iS 

~?O.l~.~' 
14.61, 71.12'. 

'3.38' 15.42 10.34 .' 71.91 
7.82 8.99 14.29 71.15 
3.10 4.42 18.47 75.73 
7.09 5.51 16.81 72.83 

Ration Fo&uiation/Conwcxxition 

M&t Ration For4nulation/Comosition 

Proteinsource 

Ration No. code - Fish Meal Protein Smrce/Percent 
#31-HPHM #32-VSM #33-m #34-STSM #35-SHYS #36-SHYBK 

37.56 .39.06 40.55 
2.00 

Spraydriedblood'mea13 
' 12.45 

ORtracemlneralpremi~~ 
2;'oo 
0.10 

Scdiumbentonite 
0R~itaminpremi.x~ 

2.00 
1.50 

Spw dried vie fish. 

40.00 
2.00 

13.66 
2.00 
0.10 
2.00 
1.50 

39.56 
2.00 

10.90 
2.00 

'0.10 
2.00 
1.50 

39.98 
2.00 

13.55 
2.00 
0.10 , 
2.00 
1.50 

2.00 
15.66 
2.00 
0.10 
2.00 
1.50 

2.00 
15.29 
2.00 ,, 
0.10 
2.00 
1.50 

3.00 3.00 3.00 3.00 3.00 

W&ter ,,.' . 
'TotaJ 1qo.. 

Pkximate conmositiori 
'I 

Molsme '(X) 24.09 
Ash. (%.wd wt) 8.84 
Ash w clry WI 11.64 
Fat (% URt wt.) 18.46 
Fat (%dry wt) 24.32 

~Protein (%wetwt) 41.99 
Prokein (116 dry wt) 55.31 

10.:00 
7.24 
0.50 

$8.00 
-100 . 

10.00 10.00 
ci.94 7;37 
0 :50 0.50 

19.50 
--isi- 

18;OO. 
100 

l&O '10.00 
6.18 : 6.55 
0.50 0.50 

,19; lS.OQ '. 
yo loo 

i4'.27. 23.74 25.64 24.38 
.6.85 

25,47 
9.50 6.90 5.03 5.49 

9.04 12.46 9.28 .6.65 7.37. 
18.95 18.84 18.86 18~50 18.‘08 
25.02 24.70 25.36 24.46 24.26 
43.11 42,43 41.79 43.21 43.43 
56.92 55.64 56.'20 57.14 58.27 
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Soft DrY Ration l?ornlul~tiDtion 

#37-m #38-W #39 VHKM #40-S!tW $41~SHYS #42 SHYHK 
Proteinsource 

OR trace mineral prerairi4 
Sodim bentorAte 
OR vitamin premix5 

spraydriedcell-8 
Herring oil/anti~dantg 
Choline chloride 
tsater 

Total 

40.55 40.00 39.56 39.98 37.56 39.06 
6.00 6.00 6.00 6.00 6.00 6.00 
1.86 3.85 1.58 3.74 7.32 5.48 
6,OO 6,00 6.00 6.00 6.00 6.00 
0.10 0.10 0.10 0.10 0.10 0.10 

,2.w 2,.00 : 2,013 2.00 2.00 2.00 
1.50 l&O 1.50 1.60 A.50 1.50 

10.00 
8.00 

11.50 
0.50 
9.00 
100 

Proximate composition 
Moisture (%) 14.66 
Ash (%wewt) 10.79 
Ash (% dlrywt) 12.29 
Fat (X bet wt) 21.33 
Fat (%WW) 24.99 
Protein(%wtwt) 47~80 
Protein (% dry wt) 56.01 

3.00 

10.00 io'ho 10.00 10.00 
8.00 8.00 8.00 8.00 

10.05 11.76 10.18 9.02 
0.50 0.60 0.50 0.50 
9.00 10.00 9.00 9.00 
loo. 100 100 100 

15.65 15.36 19.46 15.44 17.21 
8.44 11.00 8.61 6.82 7.14 

10.00 13.00 10.43 8.06 8.62 
21.12 20.86 21.07 21.18 21.20 
25.04 24.64 25.53 .25.05 25.61 
49.31 48.49 49.26 50.10 49.70 
58.46 57.29 59.68 59.25 60.03 

3.00 3.00 3.00 3.00 

10.00 
8.00 
9.36 
0.50 
9.00 
100 

lMin. 12% protein, max. 6% moisture, max. 10% ash, max. 3% salt 

kn. 23% protein and 7% fat 

3Spraydriedwholeblcmd 

4Wlb: Zn, 34.00 (Z&M , 84 g/lb),; MW 34,OO (MO , 94 g/lb):.Fe, 4.60 
(FE= l mgb 22.5 g/lb); d 0.70 (CUSO,, 1.75 g/lb); 8, 0.23 (K103, 0.33 g/lb; 
dilutt to 1.00 lb with cemal product. 

%i /lb: d-blot& 18.0; vitamin B 535.0 (pyridoxineAC1, 650 &); B ,.1.8; 
vitamin C, 27,COO.O (ascorbic acid); Vitamin E, 16,200.O (mter dispersi&~e 
a$Aa toco#Yzral acetate); foJ&cin;, 385.0 (folic acid); myo-inositol, 4&10.0 
(not myt&te); vitamin EG 180.0 (mekdiq sodium bisulfite canplex, 545 IQ); 
niacin, 5700.0; d-pmtothenic acid, 3200.0 (d-calcium pantothenate, 3478 lag or 
d,l-calcium pantothenate, 6957 rryl; riboflavin, 1600.0; thiamine, 715.0 (thiamine 
wrxtnitrate, 778 mg); dilute to 1.0 lb with cereal product. 

6 Spraydriedbone-freehyd.rolysateofwholehakepasteurizedat1800F for 
25.0 min. 

7 Spraydriedbone-fres hydrolysateof grourdfishcakasswastepasteurized at 
180°F for z5.0 min. 
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$L;red glutamic acAd fermentation pr&uct'(Corvnebacter;Lum lilium cells 
mcovekd fran the fermmtatian of sugar beet molasses tO~gluta&ic~aCid in the 
prcduction of nmxmmdim glutamate). 

.9 Herring- oil; stabilized with 0!04% BHA;BHT (1:l); free fatty acids not mare 
than 3%. 

"Liquid, 70% 

?!9i%Mwte caYlpm3iq orbqf ratqnis #37 ~,.#40:~llst~,.~~~~-,the:=~' *,’ : I' 
'dCmposiZ;$o&ijf ;3/@ ;a 1715!'. p&let,d.zes. The wte.ra&*is.;fob.@32,,and 
l/8" pelJet,s&zew~ lisl&3:b&m: i ,-,::': 1 :., ~" 

Percent vet wt Perbehtdrvwt 
Moisture & m mtein Ash Fat Protein 

#37 15.77 10.62 21.26 47.78 12.61 25.24 56.72 
#40 17.78 8.48 20.90 48.91 10.31 25.42 59.49 



Initial 
/mYal 
No.fleh 
225/224 
225/222 
225/224 
225/225 
226/222 
226/224 
225/222 
225/224 
225/224 
225/224 
226/224 
225/223 

Instial 
Foxk Lot Fork 

62.63i2.63) 282 128.Oli9.06j 
61.77(2.76) 295 128.29(9.97) 
52.34(2.99) 278 127.66(9.77) 
!51,90(2.89) 283 123.08(10.07) 
52.73(2.64) 284 125.12(9.52) 
51;39(2.75) 283 124.39(9.18) 
52.76(2.64) 279 126.65(9.60) 
51.22(2.70) 276 125.60(9.86) 
sz.sa(2.91) 280 129.62(10.06) 
52.58(2.85) 287 127.78(10.86) 
52.70(2.69) 288 127.63(9.86) 

Final 
Lot Hellratocrit Feed Mortality 
I3sLd.L .o (cl vat wt) INO., fleh) 
6480 46.2(2.4) 4564.3 1COl 
5498 46.8(3.1) 4627.8 3[11 
6077 39.6(4.3) 4970.6 1COl 
5863 42.0(3.5) 4748.1 NOI 
5232 41.1‘(4.7) 4537.5 3lOl 
6396 43.7(2.7) 4568.5 1lIOl 
5363 40.3(6.5) 4730.9 3111 
57.62 43.4(2.3) 4871.6 I[01 
5503 42.0(3.4) 4430.7 1COl 
6148 42.1(3.1) 4851.5 lEOI 
6854 4&.0(3.0) 4819.4 lCl1 
5570 41.'6(2.1) 4867.9 2113 

Scft dxy 37A 226/222 52.60(2.86) 280 123.62(8.64) 5135 41.6(3.1) 3934.0 3[01 
I# 318 225/223 51.61(2.46) 286 123.32(8.63) 50.78 41.9(2.8) 4032.1 2r11 
8, 226/224 61.93(2.93) 288 124.41(10.06) 52.55 40.4(3.0) 3980.6 IllI 
,I 38B 225/226 52.70(2.62) 283 124.11(9.70) 52.55 39.0(2.7) 4127.3 or01 
II 39A 226/224 52.39(2.78) 292 118.47(9.85) 45.34 42.1(2.6) 3830.3 lW1 
II 39B 225/225 52.45(2.87) 278 120.08(9.13) 4714 41.3(2.3) 3881.8 OCOI 
II 40A 225/226 51.49(2.78) 288 123.01(9.86) 5180 43.2(2.0) 4130.1 Ol01 
I, 4OB 225/226, 52.58(2.87) 282 126.08(9.09) 5431 42.5(1.9) 4248.5 0101 
,, 4lA 225/223 51.38(2.71) 289 126.71(10.98) 5616 41.3(2.1) 4198.7 2101 
1, 41B 225/224 52.60(2.84) 282 127.32(9.22) 5624 45.7(1.8) 4100.0 I[01 ‘II 42A 225/224 52.74(2.89) 288 122.66(9.96) 4948 43.2(2.4) 3900.5 1101 
I, 42B 225/224 SZ.ZO(2.68) 281 122.15(8.83) 4945 40.5(2.3) 3971.5 I[01 

o.s- deviation 
[ItNo. fish specifically identified as billed durm weighing or as "jump outs" 



JEFENDIX III 
Camoeition 

Lot No. Percent wet weight 
Moistuxe i!&L Fat 'Protein 
71.78 2.17 ~.lzix4 16.45 

3lB 
32A 
32B. 
33.A 
33B 
34A 
34B 
35A 
35B 
36A 

72.50 2.18 
71.17 2.08 
72.85 2.14 
73.21 2.09 
72.18 2.13 
72.81 2.17 
72.42 2.13 
71.82 2.04 
72.09 1.96 
71.83 2.04 
72.47 1.98 

‘:. 9.90 
.. 11.26 
'.x. _.I' 9.46 
-,, 9.65 

11.69 
9.65 

10.07 
10.62 
10.61 
10.86 
10.51 

16911 
16..19 
16.29 
15.,75 
IS:07 
16.16 
15.91 
.16.18 
16.26 
16.16 
16.14 

37A 72.78 2.00 9.96 15.92 
37B 72.08 2.18 10.70 16.06 
38A 72.86 2.17 10.02 15.78 
38B 72.96 2.18 9.94 15.99 
39A 73.21 2.00 9.75 15.92 
39B 72.52 2.18 10.40 15.90 
40A 72.94 2.17 9.86 15.99 
40B 72.87 2.19 9.88 15.81 
4lA 71.27 2.09 11.46 16.14 
41B 71.94 2.08 11.08 15.88 
42A 72.85 2.09 10.28 15.96 
428 72.47 2.11 10.37 16.10 



ADDENDUMC 

DJNELCFMENTOFRATIONSFOP'sHE:~~ 
SURVIVAL OF SlUMIN 

Bonneville Power Administration Project 83-363 

Influenceof Rationon the Survival of Coho Salmcxl 
I. 1982 Brood C&o~Salmon Rearing ~Invest-igation 

Dregon Deparmt of Fisharrl Wildlife Sandy~Hatchery 

Intro&&ion 

lkesurvlval ofhatcherysalmonidsisdependentuponanumberof 
factorsincludingtimeof release,naturalfooda bundance, fish size a& 
the health and/or quality of smelts, These factors determine survival .fran 
petion, ability to acquire sustainable 'nutrients under n&Ural 
t2ad..it9ons, vaality to ~tlllanm&e~impsdimentstosea~migration 
and adaptatim to a sea water entiironnent. It is believed that the 
nutritional characteristics of feed utilized to rear hatchery salmonids 
playanimportantrole inhsrwsmolts overcune impediments to their 
survival. Of primary nutritional importance, is the quality of the protein 
carlplE¶nentof the ration. 

This investigation was designed to evaluate the rearing of coho salmon 
with rations containing a high quality protein canplaaent a& to release 
tagged fish for a future measurement of the effect of ration regimes on 
survival. Releasedtagged1982broodcahosalmr#1reprers~t~ first 
replicate inanevaluationof the influence of ration on survival. The 
survival of this broodof fishwillbe evaluated fran tags recovered from 
the fishery arid at the hatchery during 1984-85. 

IiusbaridrYProtoco1 
Poti stocking 

Fish (1982-brocd coho; Sandy stock) were randunly distributed (in 10 
lb lots) into 6 ponds to a stocking density of approximately 59,000 ) 
fish&o&. Size at stocking.timeaveraged 2.4 g/fish. Stocking was 
&rried out on 18 May 83 at'the Oregcn Department of Fish and Wildlife 
mI=-=Y*. 

Feec$ing of' test rations wa6 initiated on.27 Juue83,‘ The deterinined 
. . weight and number of fish&or+ at initiation are I'sted-in Appendix :IV at-d 

the canp&d -rage fieh weight is listedin.Appendix Vi 'Fish'were reared 
uaiaer vinuzntal hatchery conditions and released on 39 April 84. The 
total number of fish released is listed in Appendix IV. '5 

Rations 

Duplicate po&s v~~re fed (1) a control Cregon pellet-2 formulation, 
(2) a teet ration containirq vacuum driedwhole salmonmealae th'major 
,protein sourceand(3)onecontainingvacuum driedwholehakemeal. A 
v of the Cregon-2 formulation specifications (Oregon Department of 
Fish a& Wildlife Specifications, July 1982) & the formulatim of the twc 
tee rations is listed in ,AppeMix I. 
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The control Oregon pellet-2 formulation was obtained fxan ths normal 
SandyEht&eryfeedsupply. Testrationswere fonmzlatedandprepared at 
theoregOnStateuniversityseafoods~~~toryutilizi~vacuumdried 
mEalspI&uced by a comrcial fim accord&g to requested specifications. 

Cmtrol ration canposition was assemedbysamplingtheentire feed 
supply of the hatchery by prcduction date. 'Test iations were sampled for 
cunposition determination by lot‘dtkingproduction. Bationcanposition 
information on control e test rations ,is listed in\ApperkU II.- 

All lots of fish w?re fed Orqon pellet-2 formulation from stockiw 
(18 t&y 83) until m initiatiori of test feeding on 27 June83. Fish 
receiving the Oregon pellet:2 ration were fed according to a feeding 
schedule specific for sandy Hatchery ( approwlmating 50%, ad.lib.) and 
designed to yield 25 g/fish at release. Fishreceiv~rations containing 
Mcezumdriedsa&r&nandhakemealswere fedonanrore restrictedschedule 
(abcrut 20% of the cant& fish) to yield equal sized fish. 

Thequantityof feedsuppliedallponds Wls recordsdandthequantity 
of feed supplied/pond is listed in Apperdix IV. Computation.of feed (dry 
wt.), feed proteinard feed fat ccrnaumed for controlrationswasbasedupon 
the man canposition of 3/32" and l/8" pellet sizes conaposing the entire 
foodsupplyof thehatchery; These computations for thetestratior,were 
bmzduponthequantityand compositionof theactualproductionlots fed. 
Canputations are listed in AppendW III. 

Fish Marking 

Fish were injected with destinctive cc&d wire tags ti marked with an 
a3ipose fin clip between 20 Oct. 7 11 Nov 83 at a rate that wmld yield a 
releaseof app roximately 27#000 fish/pond. Theactxialnumber of tagged 
fish reieased/pord is listed in Appendix IV. 

Characterization of Released Fish 

Just prior to release, triplicate san@es.of fish from,each pond were 
obtained for proximate analysis and average bloodhematoc%it 1-1s arxl. 
fork lengths mre determined. The proximate canpositions of fish'are 
listed in A&m&x VI. .A~rage blood hematocrits ti fork lengths with 
rxxnk&s of fish'involved in these estimates of pokl populations are listed 
SnAppmdixIV.~ 

Reariw’Results 

Fish in n\pnbers listed 0~1 Table 1 wlere reared on teat rations from 27 
June 83 to rele&se on 30 April 84. Tagged fish (injected with co&d wire 
tags and n&ked witi an adipose fin clip between 20 Ott - 4 .&v 83) 
ccmposed appx&mately 45% of the released population 1Table 1). Mortality 
duringthereariq7periodrangedfrunO.88 - 1.49% of the pond replicate 
mations (Table 1). Avexqemortality for fishmppliedwithtest 
raticms did not vary significantly (P 505) fran control fish supplied with 
the Oregon pellet-2 formulation. 
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Table 1. Mmbekof fishrearedancImrtality 

==Y Initial No. fish tilesed Mortalitv 
mticn al&? cc& No. fish TaBmd T&al No. fish 1 Percent 

control 4 7-qlp 58577 25763 6.1918. 1 :+6+4 1 1.13 
12' 7-29/6',: ,684b2 26983 :,.Si3069:-.- '.i, :,:3$6 : 0.66 

m ,, ,,,ig'y ' -:' ';, _,', .:... /,, i _ ,,;;y -0;ss 

s SalU'l2 i-29/12 56653. .: 25250 57594 : yo$&. 1 . il 
meal 14 7-29/g 58610 '26573 58100 ', $i4 

',', ,.., 
0;86 :' 

&p&T&i‘-,,.-, -;.,- -' '1.34 

Hake 7 I-is/lo 58436 26654 57772 669 1.14 
16 7-29/7 58562 26095 57691 875 1.49 

e - - '- 'W I.!31 ^ .' 

&an vakesin column did rmt vary:sigiLificantly (p<_,O5) 

Fish kmre reared frcm 4.20 - 4.40 g to 26.13 - 26.99 @iah,at release 
undsr a fsed$ng schedule dssignsdtq,yield fish of squalwe*ght-appmximting 25 
g/fish (Table 2). This &hsduleproducedanavs~weightarid length for f&h 
eupplisd test rations that did not vary sigtxificantly (Pc_.O5) fmb control fish. 

Table 2. Weight of fishrearedaIid.fishsizs 

Ration: control Salmond HakSmeaL 
PondCOdt?: 4 17M@=-JL------ 14 Mean 7 16 Mean - --- 

Initialwt. of fish: 
~~~ (kg) 245.8 249.54 - 250.8 253.1, - 257.2. 
Total lb) i 542 551 - 553 558 - 

567 248.1' - a. 
547 '- 

G/f&&l -, ' 4'.'20 4:25 '4.24 4.28 4.32 4.30 4.40 4.24 4.3% 
Fish/lb 108.1 106.1 - 106.1' 105.0 - 103.1 107.1 - 

Release wt. of 'fish: " .' 
Total (kg) '.S ,155ki.k 1546.2 - 1550,7 15&3;2 '-' -1505'i9 1507.6 7 : 
Total [lb) ..', j429;l "34&;8' &, i ,341$3;$. 3457;3 - I &&4.'0 "3324.1 ' - 
G/fish 26,86 '26.63 26.7+, 26.92 26.99 26..95 '26:&l. 26;13' 2&i? 
F&&/lb ,,::'. - is.9 .17;0 - 16.8 X6.8, .- 17.2 17,s - 

Length &'i?ele&&m)!"'l38;0 iill ,137;6'. i37.0' !37.'8 "137.4 :136.5., 136.3. 135.4 .\: , I*, ,' 1,;. 4. _. .:. 
' Man,valukih a x&w did qot,,vary Significantly' (&.05) ',,,, :' 

The~fes@ng:ScMdule d&&&d toproducs an equk fish size for.&llz%Mms 
yielded fecxI ccnsumptSons foi salmon and hake m rcitions'that were 81 and 85Jlj, 

The yariatign in mnsm@tim~rsqui+Itop~equ@ fish sizes 
wr$ed significmtly bo* 001 a v&t (PhOOl) aM,aty (P),C?O5) wig~t,Imsis. 
cmsullpti~~of both test ra+ns was significantly (P&05) leE@ than that of the 
dmgm pellet cmtrol raticn on either a wet or dry might basis. Significantly 
(~.05)~mrehakemal ration thantsalmri meal raticnwas requi~top~~e 
fishof@ size. 
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Table 3. peed cxmsla&ion'W .conve?rsion 

,’ / +:i(q)32.9) .i,-““‘. ‘, . :.; :‘:‘:;.Q,;.,;. ” .‘,V.? I.’ ; _, 52,; 
" oontti1 l? 19.6$4 I.:', iS88.3 .: 1 ifjo 1,07:"~,‘~ . 1 9 i.18 .i. 

(4300) (3055.89 'I ,. L 
1,60? 1.07a 

'. ; 
1965.8" ,, ‘XBO.0 3.14a-. 

5 l&39.9 :, :*$&93.6 1.23 .92, 2.96 
zsallmn' (3514) j2631.4) . 

14 1683.0 1184.8 '1.20 .90 2.93 
-(2612.2& ~ b 

,,, 3389.2 3225 I ;.91p ,, < 2.9gi, 

7 1665.1 1251.3 1.31 .99 3.16 
(36?+) ,_ (2758 .,6) 

16 lS65.1 6251.3 i'.32 " .99 3.C': 
(3671) 
1665.1' 

(2768..1& 
1251.3 1.32' .99= 3.19* 

'( ): wt. in lb 

Mean values varied significantly: 2P&05; 3P>.006; 4P>.m 
Mean values in a column with sane exponent letter did not vary significantly (P=.O$) 

Control and test ration& cxqnvertGd feed (mttidryweight) at.. 
si&ficaMly (PbOOe) differen~,~+s &ble 3). 

1 . 
The wet and dzy heights 

f&l canvkions of both t&t ratioJns were superior W.05) to the O+gow 
pellet control ration; the salmon maIt ration was converted at,? bett,er 
(P=,*O5) rate. than - ha+?. mgal =tro-= Tlzs svparior feedconversi~~ 
0bserved for;.* sahm ~,+-at$*;~~~kcconc@ed by a significantly: 
(,P=iO5) batter rate of ot#rversi,on of.i@;l$@e*,F@mM into body ,.+; 
pq3tein t&an observed for"qIther the hake..~l~ratiun gw the Orqm,pellgf' ,. 
cuntro1. T@ prote$n oonp,lement,, of,*.Oregaar.gs$let ~~~l;arld‘~~,,~ 
rakim wzre au&rCed into.'bWIy protein at squal (P=.O5) rates. "' 
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MO’ tuzce3 75.59 75.21 
As? 

?5.ab 

*tl.. 
2.38 2.32 2.37 

Protein3 
.5.76 6.45. 6;52 

11.04 16.95 ._ 16;76 
v---w- - 

comQosition (% drY wt. ).: 

Ash2 9.77a 9.38b 9.51b 
Fat3 25.90 26.i9 Pr&ein3 23..60 69.84 68.41 .67.32 ,, 

__-_uu_--_-I---l-I------------- --me-- 

: 
I-lenemit (%): 38.1 37.9 37;o . ' -L.- '. --e --m---w- --L--ML. 
Mti&:fm&& + \ 

'. 
1.026 ,, i.939 j.035 

Feed cower&n tiff&&Ices strm@iy'&Jge& thai%kpkotein 
CxmplEwnt of IIacuDn dried hake meal was inferior to.that of sa.km..meal 
sndn~bettertl-m'that of the~titrolraticm~r fekI+qcon$itions 
restricted to I& thm ad.llb. Fish m&p+d v@th the,salmn qeal ration 
cmimawdlessprot~inandmxe fatthanfish.~ivingthekralcemsal 
ration, buti$s~teincdn!plenxznt~ converted *tomorebodyprotein. 
This muld seem to"be a dzirect fun&ion of the highermean fat (9;O 
kal/g)/protein (4.0 kal/g).caloric,ratio in salmon (1.066) uver the hakje 
(0.980)rationascompused franthe llwnrationcompcSit1ans1istedin 



10.:62&0.54 z 9'.i2HL15 CL43h.9'2 
~Q.$%O.i7 S6.66b2.00 
Si.ti4~1.59 &..1&2.11 

2'3.45%57 
53 #78+:'60 

Sup%.ar (pC.05) feedconvemionfsobst%rved for thehakemaltest' 
rationovsr ~~~lletcc#ltral~~adirectresultof amore 
efficient deposition of body fat. .Fish r&%iving the hake meal ration,uRre 
supplied with more dietary fat that MIS converted more efficiekly into 
body fat (fat mummed/body fat deposited: hake ma1 r.294; Oregon pellet 
control 7.280). Higher fqtcontents in$hehziksmalrationpmJuc~an 
merqqfat (9.0 kal/g)/p@ein (4.q~I~g),~o~ic,ratio of 0.98O'did 
rmt spare protein better than the law fat/protein caloric rat*0 (OG'W2) o? 
tkOregonPel;letamh?olevenwith th~?rxpi?arentdisparltytip#&~~ 
quality.,Better feed convejz&msvme de~i~withless fe@dthxq@ t&k 
depxition of more body fat. 



APFGNDIXI 
Eiati& Foklations 

pishmsal cotta - ,. 

Dried‘wheywt 
lflbeatgeI?nmeR'I- 
CorndistiJlerssolubles 
Tlkce~neralpremlx 
yjtamlr; m 
Sp~driedbloodmeal 
Sodiumbentokite 
spraydriedwhole fishhy&?olysate 
e=Y.~+? p?=w waste frydrolmte 
Chol$rAs chlor~d& .. 
Pasteuri+dwetfish 
Fish'011 
Wker 

Total 

Control Testkations 
ratan ~Iiakcmsal !i3almnmeal 

4&P 
.- 
2,03 '. : 

14,.9-X3.74 
- 

0.P 
'.l.57 

2,08 

._ ,_“) 

&4 

19:O 
100 100 

4 & 214 
i8.b 

. 

mc- 

'Herring ma1 (min. 67.5% protein) used at no less than 5O%~of. the fish 
meal in each batch. A?~hovy (min. 65% protein), capelin (min. 67% protein), or 
hake (min. 67% protein) meals may be used as the remainder. Level to supply not 
less than 21.5% fish meal protein; max. 5% P&Cl; 8-12% fat; max 17% ash. 

.b essed, solvent extracted, min. 48% protein, max 0.055% free 
goEqpo1. . 

Gin, rii protein, max. 6% moisture, max. 10% ash, max, 3% salt 

" 4Min. 23% protein and 7% fat 

coli&ir 'up to iO% "grains" in place of solubles 
,'. 

?Sm/lb: Zk~34.00 (Zn89 84.g/lb); Mn, 34.00 (MS0 ,.94 g/lb); 'Fe,: 4.50 
(FsS04.7$0, 22.5 g/lb); Xu?'O.?O (CuSO f,1.75 g/lb); I? 0'.'23 (KI03? ,0.38: g/lb); 
diluted to 1.00 lb with cereai,produkt.4 

:7 ,. 
I@/lb: dsbi,ti., o n 18.O;..vitamin B 535.O'(pyrf."xine.HC1:;650 mg); B 

J.8; vitamin C;'27,006.0 (asqkbicaci ), '8 *'vitskik ,E, 15,208.O (titer dis&kible, 
al@a toco@eryl acetatej:, f&in, 38540 (foiid .&cidj'; ~in&tol, 4OOO:O 
(not Fhytate); vitsmin K, 180.0 '(meradicme sodium bisulfite canpksc, 545 ng); 
,.&gcin, 5790.0; d-pmtoMc acid, 3200.9 .(d-calcium pantothenate, 3478 ng or 
d,l-cslcium pantotbenate, 6957 nag; riboflavin, 1609.0; thiamine, 715.0 (thiamine 
lllomnitrate, 778 w); .dilute to 1.0 lb.with cereal product 
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illMtNDIx1 
(continued) 

'~~y,~ied~f~h~lysateof~lehakepaeteurizedat 
18OOF far 15.0 min. 

I 
l"S&&isd bone&e h$rol$ate of g~m~tklfiah~drol~t~,prs$~~~'Eit 

186qF fby k.;O min.- 
.,, ., ~ 
%1&d, 10% " 

%b Ormomof tlk foflawi~,wi~~exlceedji~50%of~~~~~ti~; 
(1) Salmon or tuna visceti (no heads or gills, with livers); (2) wh@e herring; 
(3) bottqn fish (v&oJ...,x fillet scrap); (4) dogfish; (5) whole m; ,and (6) 
'&o&e S@@L Approved enzymes used to aid lfq+fact$on .! ,; 

.' 
1+-l&&g, sallnon, ilenban, dogfifih (&t'ti'.U.tari'3%), or r&f&d turn 

oil; Stabilized with 0.4% BH4-BHT (1:l); free fatty acids not m&x$ tl&mj%j 
BHkBHTmust.beaddedatthetimeofmpocess b-g if reprocessed oil is used. 
Special ~tion &en using hake as a wet fish: add 0.5% oil for every 10% hake 
in total riation. 

14Herrirg oil; stabilized with 0.04% EMA-EGiT (1:l); free fatty acids not 
lmrs thn 3%. 

15vacuum dried 



...eQ, ?I 
mtiosl moductiti"'kiid Ckmwsitian 

,, - 
Date 

06/21/83 3/32" 950 24.57 6.83 20.85 40.88 6 
kd.29 40.28 rt0.42 20.54 

.- 
' 06/30/83 3/32"' “80 .27.01 '- 6.71 20;84 38.07 6 _ 

l/8" :f40 .' : :, 
.' '1; ,+0;36 '_+c$O5 'f&$1 _+oqg,$“ ,,. 1 ,/I\, i: : .* '. 

qy11m., ,y92i; "‘.24.8Z ' ‘6.77 20.82 40.69 !4. i40 1, 
'~+0'.‘06 kO.03 20.22 +0.20 .' ' ' 'I.' i - 

08/11/83 3ij2if' 440 23.47 6.91 20.54 40.94 9 
l/8" ,'36q +0.38' *(Lo5 L-o.60 +,0.91 .I I i 

08/26/83 1/+ '800 26.47 6.93 19.06 41.05 7 
'. 51.08 +0.26 kO.51 50.80 ;. . 

-- 
09/01/83 l/8“ '48b1 i3.42' 6.83 18.96 39.10 7 

k1.09 kO.15 kO.82 50.53 
--- --.a. -- -------- 

09/01/83 l/8" 520 25.73 6.79 18.90 41.27 8 
k1.26 kO.09 kO.62 rto.57 

em - 
lcj/O5/83 l/8" 320 _. 23.89 6.82 18.44 39.43 5 

*II. 25 .' '+CJ;OS 20.19 "AO.86' .'. : v-e- --- --- 
U/18/83- 1/8" 1846 26.99 " 6.83 16.41 42.15 20 

kO.42 I ; ,.,,: :; dJ.37 $$lS SO.41 :' 1 I .', ~ - , ,, 1" I--- --e-w-- - 
03/02/83 1;8" 1046 . ss,78 ::". -7.15 i8.08 43.54 14 

-, +o.m rtow10 'kO.16 kO.27 '- 

?lJkdicatsd titian: q% mo 
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;“ $ ;; .: 

.I ,. 

06/23/83 ..311.32" 950 .28.68 9.,22 ,18.78 36,.48 6 
I,_ : '. ,' .,, kO.50 / / .+L +$b"2 kO.51 ~0.40 ,\ ,' 'h'.. .: ,~ 

. ..A.-- 1,; x ., ,,, ,, ,, 
06/2sp3 ' .3&P" 

" :.. ,::' 
+jo '.:h.8.32 :., _ ;.9:#4 ltiil, ., y~,~:38..il 5 

I co.27 ;;,i #Lo1 zkQ.23 ', ktc)$z, ; /. i, .- . I. . - 
. W/30/83 3/32" 27.05 lb.20 16.14 38.92 6 

kO.47 $0.23 kO.41 kO.48 L.. * ..I : 
3/h 

i, ':. .I 0, 
08/U/83 80 ‘h.63 8.87. lb.84 43.4i '4 

kO.19 kO.02 kO.34 kO.19 

06/29/83 l/8" 760 23.67 : 8.85 19.21 ,, 41.78 11 
f0.38 +0.&l kO.32 50.34 

--------1__ --' I---- 
08/29/83 l/8" 4801 24.65 8.41 17.59 39.19 6 

kO.63 50.09 kO.34 20.41 
-----------1 -I- -----m ----- 

10/03/83 l/8" 1240 23.67 lQ,16 17.47 40.66 12 
kO.44 _+O.lO +O 58 ; kO.47 ,:, , ' . 

-I -- - ,. 
', " 11/21/83 l/8" i760 23.64 9.44 17.33 41.78 25 

kO.43 +0.10 kO.53 kO.41 

---- 
-.-.-w-w-L- 

03[05/83 l/8" 1320 34.50.. . . < i ..P. 49 16.07 j. I~ 4&,83 !Q ,, 
. .I kO.72 SO.10 kO.52 kO.37 

:!Medi cat&d ra~gg.l: 6% ml50 
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Au?FdIDIx II 
(continued) 

Oregon Moist Pellet Control Ration 
Rspresetrtati~Samplingof Hat~~Feed~~ly 
1982 Brood cdzq: Ponqs'4 e.17 ' 

MmtnBnt'o? Fish and Wildlife-S&Z& Hatchew i 

06/13/83 3/32" 30.36 8.02 13.67 36.35 
06/13/83 3/32" 29.91 8.12 13.12 36.51 
06/13/83 3/32" 30.04 8.08 12.78 36.47 
06/H/83 3/32" 29.76 7.77 13.33 35.39 
06/23/83 3/32" 26.98. 8.32 

.' 7.71 
13.69 39.28 

06/30/83 3/32" 28.28 13.92 36.52 
06/30/83 3/32" 29.57, 7.64 14.41 36.61 
06/30/83 3/32" 27.36 7.71 15.22 36.66 
07/18/83 3/32" 28.27 7.86 13.79 36.72 
07/18/83 3/32" 28.53 7.83 13.90 36;61 
-- 

28.91 7.91 13.77 36.71 
S.D. 1.18 0.22 0.68 0.98 

10/04/83 l/S" 29.88 7.05 13.40 34.67 
11/02/83 l/8" 29.61 7.99 13.82 32.27 
11/15/83 l/8" 27.90 7.61 -14.12 37.77 
11/15/83 l/8" 28.48 7.02 13.46 36.74 

------a ---------------- --II -&.m 
28.94 7.42 13.70 35.46 

S.D. 0.91 0.47 0.33 2.24 I 



l?sicum Dried 8almn Me& Ration - 
1982 Brood echo; F'ora 5 arki 14 

rJE?warmt of Fish am wilaike San& Hatam ; .’ . 

06/2?-30/83 3/32" 40 30.2 16.3 
07/01-31/83 3/32" 364 274.6 148.8 
06/01-31/83 S/32" 434 328.3 176.2 
09/01 3/32" .15 11.5 6.1 
09/02-17/83 l/8" 240 183.8 .93.8 
09/18 3/32" 7 5.4 1.4 
09/19-30/83 l/8" 201 149.6 78.8 
lO/Ol-31/83 l/8" 430 322.5' 176.4 
ll/Ol-30/83 l/8" 262 194.6 '107.9 
12/01-20/83 l/8" 200 151.1 80,O 
12/3Q-31/83 l/8" $0 7.6 3.9 
Ol/Ol-M/84 l/8" 146 107.0 - 61.2 
01/S-31/84 l/6" 121 88w3 51.0 
02/01-29/84 l/8" 299 218.3 ,126..0 
03/01-31/84 l/8" 331 241..7 139.5 
04/01-29/64 l/8" 414 3i6.7 179.2 

8.3. 40 
75.9 364 
89.8 434 
3.1 15 

45.5 240 
2.9 7 

41.6 201 
83.4 416 
49.6 284 
37.2 200 

1.8 10 
24.2 146 
19.9 121 
49.1 299 
54.3 331 
73.6 382 

30.2 ' 
274.6 
328.3 
11.3 

183.8 
5.4 

149.6 
312.0 
211.1 
151.1 

7.6 
107.0 
88.3 

218.3 
241.7 
291.9 

16.,3 8.3 
148.8 75..9 

,176.2~ 89.8 
6b.1 3.1 

99.8 45;5 
1.4 2.9 

78.8 41.6 j 
170.7 80.7 
117.0 53.8 
80.0 37.2 
3.9 1.8 

61.2 24.2 
61.0 19.9 

126.0 49.1 
139.5 54;3 
165.3 67.9 

TOW: 3514 2631.4 i446.5 660.2 3490 2612.2 1436.0 656.0 
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APPBNDIX III 
((3XMIlusii) 

VacuunDriedHakeHsl Ration 
1982 Bmmd m; PCS& 7 a@,.16,' 

Demrtmmt of Fi& aria WUdlife $plrrbv Hatd+v 

raeriod size 
06/27-30/833/32" 
07/01-31/83 3/32" 
08/01-31/83 3/32" 
09/03 3/32" 
09/02-17/83 l/8" 
09/i5-19/83 3/32" 
09/18-30/83 l/8" 
lO/Ol-31/83 i/8" 
ll/Ol-30/83 l/8" 
12/01-20/.83 l/8" 
12/30-31/83 l/8" 
Ol/Ol-15/84 l/8" 
01/21-31/84 l/8" 
02/01-29/84 l/8" 
03/01-31/84 l/8" 
04/01-29/84 l/8" 

: ;I ,‘. ,, I 

FeedWPondZ,( ;Zb 1 
‘1 6, 

N! I (3ohsaM &md 16.736),. 
Wetwt. Dwwt. FTotein Fat Wetwt,Dwwt Protein= 

40 .28.5 14.6 7.5 40 
a64 

28.6 14.6 7.5 
364 260.7 138.0 60.8 260.7 138.0 60.8 
454 330.6 176,4 73.3 454 330.6 176.4 73.3 
15 10.9 5.8 2.4 15 10.9 5.8 2.4 

240 180.8 94.0 42.2 240 180.8 94.0 42.2 
68 61.4 28.3 12.1 66 49;9 27.4 11.7 

214 163.3 89.4 41.1 216 164.9 90.2 41.5 
430 328.2 176.7 78.0 416 317.5 171.0 75.5 
270 206.1 109.8 47.2 284 215.8 115.5 49.6 
200 152.7 82.6 34.8 200 152.7 82.6 34.8 
10 7.6 4.2 1.7 10 7.6 4.2 1.7 

146 111.6 61.0 25.3 146 111.5 61.0 25.3 
121 92.4 50.5 21.0 121 92.4 50.5 21.0 
299 228.3 124.9 51.8 299 228.3 124.9 51.8 
356 270.4 148.8 59.6 366 270.4 148.8 69.6 
444 335.2 185.7 71.3 444 335.2 185.7 71.3 

Total: 3671 2758.6 1490.7 630.1 3671 2758.7 1490.6 630.0 

Oregon rgoist qellet (czam?ol Ration 

1982 Bmqd Coho; Ponds 4 ti 17, 
Demrtment of Fish EUYJ WQdlife Sandy Hatcherv 

Pellet Feedconswnedpond4 (lb) Feed Conwmed pond 17 (lb) 
size Wetwt. 
3/32" 949 345.4 129.6 
l/8" 3375 462.4 3359 1191.1 460,2 

Total 4324 3072.9 1545.2 593.1 4300 3056.8 1536.5 589.8, 



APPENDIXIV 
-OF-REspoNsEPARAMETws 

19&z BRo& cxxio 
OREWNDERWMEWT OFFISHANDWILDLIFESANDYHATCHWY 

Ration coritro1Raticm SallimnMea1Ratkm '&lceMeanwclon 
4‘ 17 5 : 14 

Binarycod~. 7-29k31 7-29/6 7/29/12 7-29/g 
rdtialwt. 'I kg: 245.8 249.9 260.8. .,3.1 
of fish lb: 542 551 553 ; 558 

Initial No. 
of fish 56577 58452 58653 58610 58436 58562 

No. of tagged fish 
Ydeaeed 25763 26983 26250 26573 26654 26095 

TotalNo.of fish 
released 57913 58069 57594 58100 51172 ,57691 
-- ---- 
Mortality (No.) 386 1063 574 669 875 

Total.wt.of log: 1555.4 1546.2 1550.7 1568.2 1525.9 1507.8 
fish relaassd lb: 3429.1 3408.8 3418.7 3457.3 3364.0 3324.1 

----1 - 
FlIsh length No.: 655 820 756 779 764 853 

b) -: 138.0 137.2 137.0 137.8 136.5 136.3 
S.D.: 6.2 7.2 6.5 7.3 7.5 7.0 

------------..m-- ------ 
Ht5mxtocrit (4;) No.: 12 12 12 12 12 12 

-: 36.6 39.6 36.7 , 39.1 35.3 38.7 
S.D.: 3.1 2.8 4.2 3.3 3.6 4.4 
-- --m----- ---- --we 

Feed 
2: 

1961.3 1950.4 1593.9 1583.0 1665.1 1665.1 
(wet wt.) : 4324 4300.0 3514 3490 3671 3671 

--I_- ----- w-v -- 

2: 
1393.8 1386.1 1193.6 1184.8 1251.3 1251.3 

(dry*-) : 3072.9 3065.8 2631.4 2612.2 2758.6 2758.7 
w-s ------------ --m--v--- 
F& Ipl: 700.9 696.9 666.1 651.3 676.2 676.1 
protein lb: 1545.2 1536.5 1446.5 1436.0 1490.7 1490.6. 

-71- ----I------- 
W: 269.0 267.6 299.5 297.5 285.8 285.8 

fat lb: 593.1 589.8 660.2 656.0 630.1 630.0 

Body wt. 1309.6 1296.3 1299.9 lbA5.1 1268.7 1269.7 
sain 2887.1 2857.8 2865.7 2899.3 2797.0 2777.1 

BodyproteIn kg: 226.1 218.9 221.3 222.0 213.6 210.1 
lb: 49.6 ;2 482.7 488.0 489.4 471.0 463.2 

c_------------------ 
Body fat hi?: 75.0 75.2 83.0 84.8 85.4 79.5 
gain lb: 165.4 165.7 183.1 187.0 188.2 175.2 



APPEzvDlx v 
- OF CCWW!ED GRU4THRJSWN!%PARAMFpERs 

1982 BROOD COHO 
OREGONDEWWMENT OFFI8HANDWILDLIFE8Z4NDYHA~Y 

fiFemtm1RatioIl t3ialmwe .Ration Hake r&kl+Raticm 

Binan? m& 
Average Initial &fl&l: 

7&; 7:2& , 7/29/li 7-?9/9 .+29/10 7-29/7. 

256.26 23j.87. 

4.277 5 :&.318 14 ,,41;401 '7 '4.237 16 

fish"t&e fiSh&: 233.83 ,231.56 227.21 236.03 
fish/lb: 108.07 106.08 106.06 -.105.03 103.06 107.06 

b Average release g/fish: 26.858 26.627 26.925 26.991 26.412 26.135 
fish size fish/kg: 37.23 37.55 37.14 37.05 37.86 38.26 

fish/lb: 16.89 17.03 16.85 16.80 17.17 17.35 

Feed (wd.wt.)/ wt. m 1.4977 1.5046 1.2262 1.2037 1.3124. 1.3219 

Feed (dry HI/ wt. Bain 1,0643 1.0693 0.9182 0.9010 0.9863 0.9934 

3.1141 3.1831 2.9641 2.9342 3.1650 3.2180 

Eked fat/ 
fat gain 3.5858 3.5594 3.6056 3.5080 3.3480 3.5959 

Condition factor: 

1.0219 1.0310 1.0471 1.0314 1.0385 1.0321 

Body fat (9.0 lccaW)/ 
protein (4.0 kcal/g) 
ratio .760 .773 .844 .86O .899 ,851‘ 



APPmDIxvI 
BODY -ITION UE' RHEASEO FISH 

1982 BRCk% COHO 
OREiGONDEpAR'IMENTOF FI6HANDWILDLIFeSANDYHATCIERY 

OP2 control Salmpn~W Ration && WJ. da'ti'& .; 
mt RepPond Ptd 17 i?bEBi 14, -:.w 2. ','. i' ,pdnd 16: 

"' MOiStll??S 
(% wet wt.) 

2' -75,70 76.07, .$ff$- 75.17.. ~ 74.74 -: !J5;4g' 
75..34 75.19 75129. 75.38 75.21 -75.40 

3 75.35 75.90 75.46 74.73 74.73 75.08 
75.46 75.72 75.34 75.09 74.89 75.32 
0.20 0.47 0.10 0.33 0.27 0.21 

1 2.39 2.38 2.28 2.35 2.39 2.35 
(%wawt.) 2 2.39 i2.33 .2.32, 2.35 2.38 2.37 

3 2.42 2.37 2.33 2.32 2.36 2.35' 
R 2.40 2.36 2.31 2.34 2.38 2.36 

SD 0.02 0.03 0.03 0.02 0.01 0.01 

Fat 5.48 5.71 6.71 6.26 6.69 6.17 
(% &t wt.) : 5.94 6.11 6.38 6.23 6.46 6.24 

3 5.76 5.57 6.08 6.87 7.05 6.53 

SE 5.73 0.23 5.80 0.28 6.39 0.31 6.45 0.36 6.73 0.30 6.31 0.19 

Protein 1 17.00 16.92 16.80 16.99 17.00 16.65 
(% w!?t wt.) 2 17.16 16.58 17.19 16.64 16.43 16.70 

3 17.42 17.18 17.09 17.01 17.09 16.68 

SE 17.19 0.21 16.69 0.30 17.03 0.20 16.88 0.21 16.84 0.36 16.68 0.02 

1 9.83 9.'96 9.22 , 9.46 9.46 9.59 
(%clry~.) 2 9.69 9.39 9.39 9.54 9.60 9.63 

3 9.82 9.83 9.49 9.18 9.34 9.43 
i 9.78 9.72 9.37 9.39 9.47 9.55 
SD 0.08 0.29 0.14 0.19 0.13 0.10 

Fat 1 22.55 23.86 27.14 25.21 26.48 25.17 
(%dlryti.) 2 24.09 24.63 25.82 25.30 26.06 25.36 

3 23.37 23.11 24.77 27.19 27.90 26.20 
2 23.34 23.67 25.91 25.90 26.81 25.58 

.SD 0.77, 0.76 1.18 1.11 0.96 0.55 

Protein 1 69;96 70.71 67.96 68.42 67,30 67.93 
(%dlry~*) 2 69.59 66.83 69.57 67.59 66.28 67.89 

3 70.67 71.29 69.64 67.31 67.63 66.93 

SE 70.a7 0.55 69.61 2.42 69.06 0.95 67.77 0.58 57.07 0.70 67.58 0.5i 

. L 



DEVELOPMENT OF RATIONS EURTHE ENHANI=ED 
SDRVIVAL OF !3ALbDN 

Bonneville mr Adminis$ration Project,83-363 9 , 

Intro&&l&' 

Thesurvi~lofhatcheryselmonidsis dependentuponanumbsrof ' 
factors incl*time of release, natlk~~foodabtaadance, fish size ard 
the health,ed/o~,quali$yd~ G1t.s.. Tkqe;;+factprs determine,su+val fran 
predati*, &bilitji:to ~i?,,sus~~nabl~,..n~~ri~ts under,n&ural; ;:'I fl; 
corditio&, vitLiity't0 'surn$unt inan madeYmts to.seq+rd migration 
and adaptation to a sea wtrter 'enviroliknt; J-t la believed thkt the 1 i 
nutritional characteristics of feed utili@i to rear hatchery salmonids 
play an important role inhqsmolts overccm ixpdbents to their 
sll?Tvival. Cf primary nutritional importance, is the quality of the protein 
canplanentof the ration. 

Thisinv&tigationwasdesignedtoeval~tetherearingof fall 
chinooksalmonwlthraticins containingahighgualityproteincomplement 
and to release tagged fish for a future mt of the effect of ration 
regimesonsuzvival. Fk&asedtagged1983broodfallchincoksalmon 
represent the firstreplicateinanevaluationof the influence of ration 
on survival. Theeurvival of thisbroodof fishwillbeevaluated fran 
tzgs recovered from the fishery arxl at the hatchery during 1985-88. 

Protocol 

Pora stockim 

Fish (at .aqaverage,s$e of 0.374,g/f:sh) (1983-brood fall chinook; 
tule St&k) ore '*strlbuted into,.f*,*'in battery C at~Bonneville 
Hatchery at Btely 6$Y$~COD,,fi@/pond (w..Iv) on Dee 29,,:1983. 
The pords'in battery C w+reJ,the.rec+igu+r type, suppliedwith kllwater 
and equipped witi Caron autcsktlc feed&s. At 241.8-263.4 fish/lb 
(e IV), the fishpopulationsineachpotiwas thinned to 
274560-277242 (mix IV) on February 24, 1984. 

F&din~~ of '&itrol kukte& ra&ns v&s initiated on Deckmber'29, ' 
1983. The determined weight and lmunber of fish/pond at initiation and 
after thinning are listed in Appendix IV with computed aver- fish 
weights. Fishwere rearedunlsrhatcherycorditionsardreleasedon~y8, 
1984. The total number of fish released is listed in Appendix IV. 
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Ratione 

canmercial starter ration @&Let S&t+ #2). A &&@& of #&'bregbn~,&31et 
feed system~ificatiuns (Q+gon Department.~of Fish and Wildlife :I 
Specifications, July 1983) aqd the foz?milatim of the two test rations is listed 

3, .in Apperrxix I. 

Rations composing * contr& Oregon pellet feed system,uJere o@ained from 
the normal Ronn&ille Hatch&$ *e@ tmg&+ : ,T@st rati- were foqnulat4,*,: 
pmpmdatw OregbnSt&e Uni versity Seafoods Laboratory utilMq$vacuwn 'and 
spxqdriedmealsproducedbya cunmercial firmaccordingto request&d 
specifications. 

Control rations compositionwze assess&bysamplirqq theentire feed 
supply of ths hatch&y by productian date wMn feasible. !l!est ra'+~ were 
sampled for canposition determination by lot during production. Ration 
canpcasition informatitx on control ad test rations is iim3d in Appendh II. 

All lots of fishwereonademandbasis. The quantity of feed supplied all 
pCldSWSSrecOrdSdandiS stunnarized inAmixIV. Computatlnnof feed (dry 
wt), feed protein and feed fat cmreumedbycontrolfishwasbaseduponthemean 
canposition of starter ration and l/32", 3/64", l/16", and 3/32" pelletized 
Fations. These cuqxztations for the test ration were based up3.n the quantity 
and canpoeition of the ac?zual production lots fed. Computations are listed in 
pspendlx III. 

Fish Markim 

Fish wer& injected.with c@stiqctive code$. tiire'tags arx.marl&d'w{th an 
adipose fiq clip betwe+nApri;L 17-27, 1984 at a rate that yielded &'*lea& of 
at least 75,OO@fish/pond. Pheact+nu@erbf taggedfiish,re+&f3ed~pondbased 
upoIi,tag retention evdlua;tions,befc& rele+eisliste$ onAppend&~IV.‘ . 
Characterization of Released Fish 

Just prior to releaciie, triplicate samples of fish from each pond or+ 
obtained for proximate analysis aryll average blood hematocrit levels a& fork 
lerrgthsweredete~. The p~te.canpositions of fish, blqod'mtocrit 
levelsand forklengthswithnumbers of fishinvolvedintheseestimat~of po& 
populations are listed in Appendix IV. 
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and 0.68%frcm Februaq‘24, thru@ Wy.8, 1984. Duripg the zsm&tiw p';eriods, 
mortalities for fish supplisd salnmn meal~ratian'ware 3.18 and 0.53%, 
respectively. AltQoqhnmrtalities for fishsupplisdsalmonmal ratiohwere 
sane&a? laver thantIio6eob6ervad for~~control~rationsystem, themortality 
of tlm 'W $&la~ion&did'not vary significantl~~(P~~;65). 

,. '. 

Table 1. 1 Nundxxof fishrear&andmrtality 

Ration: Oregon Pellet Control salmon Meal Ftation 
Pond: c-3 c-4 
Binarycode: 7-31/20 7-31/21 
Initial No. fish 608355 611584 
No. fish 2/23/83 574746 582941 
Mortality (No+ 33609 28643 
m-lity (116) 5.52 4.68 
No. fish 2/24/84 274560 275058 
No. taw fish peleassd 80348 80046 
Total No. fishreleased 272648 273216 
Mortality WQ$ 1912 1842 
Mortality (W) 0.70 0.67 

c-5 C-6 
Wan 7-31/22 7-31/23 

- 603159 607496 
- 580162 591966 

22997 15530 
5.10. 3.81 2.56 

- 277242 277134 
80138 81282 

- 275853 276607 
1382 1527 

0.68 0.50 0.55 

3.18 

&an values in a row did not vary signifititly PL.05 

Fish &pplisd &s co&o1 ration systi&on &'&@nd basis titi~&&ed'fran 
an itvei&e of 0.374';g/fish-'to 6.042 g/.f@h ~Wit+axi~~~' fork l&g@ pf 82.5 
m ('$able .2') . 42~1641i &ii fish ,(0;374 'Ej/fw) ti*i+~'w *IIIII“&~~~ ~-. 
meEil tssf 'r&i&m tire- rear&J to arCa&?@& Hieighti~cif'?'.237 g/ki&:&& len&h 
of 87.0 mn.' Whiis the avekagwweight aa3 ler@th tif t&t'fis@&t Yelsase was 
119.6% & 105;4%, z?espsctive1y, of control fish, the~limited~ rf&ication of 
sxprinBnta1 trsatmri~.allovRd aid not yield a,signiffcant difference (P(,O5) 
for either fish weight or length. 
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Table 2. Weight of fishrearedand fishsize 

Rati*: oremm ~]?elle& cfJrrtm1 salmon Meal Retion 
c-5 

7-31/2? 

T&q p) ’ ;; 
G/f* 
Fishjlb 

Wt. of fish 2/23/84: 
:Totajc> m?) 
Total [lb) 
G/fish 
Fish/lb 

Wt. df fish 2/24/84: 
Total (W 
Total lb) 
G/fish 1 
Fish/lb 

wt.of fishatrelease: 
Total M&r) 
Total $lb) 
G/fish 
Fish/lb 

LenaThat.release (mm) 
MeanA 
S.D. 

227.5 
501.6 
0.374 

i212.8 

.$OQl.S 
2208.5 
1.743 
260.2 

472.8 
1042.3 
1.722 
263.4 

1743.8 
3844.5 
6.396 
70.9 

83.3 
7.26 

.504.3 -. 
0.374 0.374 

1212.8 - 

102346 - 
2256.,7 - 
1.756 1.749 
258.3 - 

481.9 L 
106.2.4 - 
1.752 1.737 
258.9 - 

1664.3 - 
3426.7 - 
5.689 6.042 
79.7 - 

81.7 82.5 
7.01 

I~‘. 

22513 
497.3 
0.3?4 

1212.8 

1101.1 1~01.~0. - 
2427.6 2427.;4 j - 
1.898 1.860 1.879 
239.0 243.9 - 

520.1 508.8 - 
1146.6 1121.7 - 
1.876 1.836 1.856 
241.8 247.0 - 

2137.6 1853.7 - 
4712.6 4086.8 - 
7.749 6.726 7.237 
58.5 67.4 - 

88.5 85.6 87.0 
6.07 6.88 

227;'2,i J‘ .I: _ "1: 
&0.9: - 
0.374.0.374 

1212.8 - 

. 
&an values in a row did not vary significantly PI.05 

CoMrqlfish q=pwd sl+GW F= W' P$o5) feed (wt. % +y .yJt: 1 
(Table 3), lmt .$@.jn$we petein a& f~t,~lTgy rich test ra$im wime ,~(!Calqle ?) 
suppli~ sJi#Wr FP?Y, pte~,l~,~ fat, (.&?pW~ JW : .F+ ,~?t* y=y ,. 
-md WG~ brj.and:m*J.n).,*.;a sqMWat .:(Ns P&C?5) sypwq~,~npnnw (T&le 
3). The qlmtity~of test~ra~ion,fe$'(wet, dry) Ix!quiredl,,to @cdwk+ a:unit Of! 
body wight m 76.2.d 80.2% of the ~trol, respectively. The quantity.of 
test tiati0II protein required to produce a unit of bcdy protein gain ms 90.6% of 
tht? control. 
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Table 3. EkedczxmmmlptimaIx3 calversion 

Ftatian: omgorbpellet ~bontrol ‘$w.nxln bseal Ration 
-:: 
B&UT ,. ., cmde: 

~$&~dn,(*~&;)(kQ)‘.’ * 12/29/83~2~2&1%4L ‘.‘, ,‘j .“,; ._; ,, 745.7. 

1773.5 (1644)l 

1 ‘,‘$iSi5. 1: 

2/25-5/6/842 1619;3 (1715) 

12/29/83-5/6/8a2 
(3910) (3570) 
2519.2 2395.8 
(5554) (5282) 

-tionA (drY wt.) MCI) : 
12/29/83-2124/84& 542.1 564.8 

2/25-5/6/842 (1195.1) 1278.4 (1245.3) 1166.7 

12/29/83-5/6/842 (2818.4) 2519.9 (2572.1) 2395.8 
(5554) (5282) 

Feed 12,29,83-2,24,8? (weti wt.)/ : 
0.96 0.98 

2/25/84-5/6/842 1.39 1.51 

12/29/83-5/6/842 1.23 1.28 

(dry wt.)/gain: 
12/29/83-2/24/84& 0.70 0.71 

2/25-5/6/842 1.01 1.09 

12/29/83-5/6/842 0.89 0.92 

Feed pratein/wotein win: 
12/29/83-5/6/842 3.03 3.17 

c-5 'I ,C-6 
7-31!22 <; T-31/23 . . .._ 

(1577.5) 
.1696.4 1635.2 

(3605) 
2457.5 2350.7 

(5182.5) 

553.4 549.9 
9 (1212.4) 

1222.5 1241.0 
(2736.0) 

2457.5 2350.7 
(5182.5) 

0.97 0.82 

1.45 1.01 

1.26 0.94 

0.70 0.62 

1.05 0.77 

0.91 0.72 

3.10 2.74 2.88, 2.81 

?+7:8 
(1626.6) 

1419.7 
(3130) 
2157.6 

(4756.5) 

,726.6 

1527.4 

2254.1 

666.9 
(1249.8) 

1077.2 
(2374.9) 

2157.5 
(4756.5) 

0.84 

1.06 

0.97 

558.4 

1159.1~ 

2254.1 

0.83 

1.03 

0.96 

0.55 0.64 

0.80 0.78 

0.74 0.73 

'( )=lb 
Geanvaluesin .-I row d%d not vary significantly (P&05) 

Table 4. marl coruposition of rawzms 

Ration 
Oregon Pellet Control' 8allnor.t4eal 
l/32" 3/64-3l32" l/32" 3/64-3/32 

Fat 
Protein 

Percent drywt.: 

25.32 LA.09 28.17 41.63 20.44 k.44 23.74_+ .86 
7.77 f .31 8.01 2 .$l 4.84 rt.15 7.26i+_ .63 

17.00 k .57 13.61 kl.39 22.38 +.44 18.43? .94 
42.01 k1.55 36.73 zk1.70 50.97 +.42 43.11k1.37 

10.40 + .28 11.15 51.17 6.24 +.19 9.52+ .80 
22.78 ~1.09 18.92 k1.55 28.05 +.45 24.17k1.28 
56.27 k2tz.68 51.13 a.85 65.72 2.47 56.49k1.89 
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Fishsupplied ~testratic#rposse$sedaso~atdifferentgemtral body 
conditim,at release (Table 5). While the proximte body ccmposition (moisture, 
ash, fat.& proten) di$ not Vary @gnificant~y'(P&Q5) at re3eaSei. the +St 
ratip pr+Uce$t a .:bdy ~psition ~Ughtly h$gMr in ffat, ard -Joker, in moistWe 
end ‘pi-o*eih tl-&i +ht,rol' fish. This wW.a genehj3Qef~~tJoh of. the',rel@t+ely 
lrr~re~n~trient r&h nature of 'the test; ratcq... +1&d hmato&i;t’l~ifh &r.,.fish 
suppli~'..~ test "r&m-~&& 112,7%of th&&:obse~~~fol?..'the.contrdl ration, 
but weti,,not significantly (P&05) higher within this experimental design. The' 
test ratiOn produced fish with a sane&at better coMition factor (NS PL,O5). 
Better Wz#uUWznl~ was achieved with both a greater fork length a body weight 
(Table 2) 

Table 5. :&@an body. cYcmpcsition8, hematocrit atldbodycondition of 
released fish 

Ftation 
Crecm~ Pellet Control Salmon Meal 

afmosition (X wet wt) 

fgP=' 76.98 75.64 

Fat1 
2.03 1.99 

Protein1 
6.62 '1.92 

'15.15 15.11 

tltummsition (% dry wt.) 

Aed 
Fat1 

8.83 8.16 

Protein 
28.74 32.51 
65.83 62.05 . ----------------__--Y-----__II__---------- 

Iiemtocrit (%)I 
. 

32.70 36.70 
-I__ ----------------------c- ---e3 

Condition fat-tori1 1.076 1.179 
100,m x w&j)/ 
(length - mm), 

wan values in a ru-v did not vary sig&fScantlY (PC,051 : 

The q fe+rg of the test rati,+.vhich.rWed.on,hi(;lh quality vacuum 
dried salmon n$zal pmdti fish of sune&iak diff&ent'&&acteristics tlhn'he 
controlrati&at release. IUthough~edifferenceswerenotsi~ficant 
(Px.05) within the limited replication of the exper$mentaJ design, the 
characteristics of test fish appeamd to haivea better &Mintege for survival. 
Themorenutrientrichtestrationproduced fish of greater weight amA Jength 
yielding a superior corxlition factor, mo+e body fat energy stores and a better 
bloodherhtocritlevel. This better growth reqxmse was achieved with less feed 
thrcqh the better conversion of nmre basic nutrients (dietary protein and fat). 



APEMDIXI 
RATXoN~EUWJLATICNS 

ckwro1Rat1on salmonMealRat1~~ 
Pellet size: l/32++ ~3/64-3/3i" l/32" 3/64-3/32", , 

Drisdwheyprod#ct~. " 410 5.0 
vil%?atgermlneal Reminder REsnainder, 

- 4.0 
0.1 0.1 
1.5 1.5 - 

,!Spray&dbloodmsa18. - - 
1 ,: 

spray dried carcawlo - 
mstehydrolysy~e 

C+W? *w@e 
Past~i~'~tfiah 
~ish"0ii 
Spray dried figh2' 7.0 
Water ' ,' 

-v 
Total 100 lco 

51 AP 

L. 

0.5 

20.0 
100 

10.0 

6.:i:.014 

18.'049‘;0 
100 

'Herring mal (min. 6?'.5%,protein)"'&ed at no le& thm 503.of tk~?‘f&h.. 
meal i&&&h batch. Anchovy (min. 65% proteti);. c&liri‘(min. 67% prot$n~,~ or 
h&2 (min. 67%prote*)msdlsmaybeusedastberemainder. Id&&to m*iyn0t 
legs than,~21.5% fish -1 protein; m@c..5% NaC$; 8712% fat; max 17% ash.' 

, solvent extracted, min. 48% protein, max 0.055% f& 
-1. 

% wim& up to 30% ~QrainG in-place oi &i&ie!6 : 

34&Q, (&W,, 94 ,g/lb); +,.4..50 
'i-,75'$lb‘j ;'>I, 0.23 '(m03; ();38 g/lb); 
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'%/lb: d-blots n, $8.0;.vitamin B 535.0 (pyridoxineJIC1, 650 mg); B 
1.8; V&I& 0, 27,6ijo.O (as&b& a&&; vita&n E, 16,ZOC.C. (v&t& disp&ible 
alp&i toco?$Erylac+ate): ..foiacin,‘ @.O(fo& ~ia>?~,,~~i~~~,!:~~~~4 : 
(not &$&Me); vitamirL~~, 180‘0 (knad@ne sodium :bisiiifite.~~~Mb~~~~~~~~~~)";. 
niacir+ ;:ppdt Xn-pento~~,.~c@, ~3200.0 (d~c+cium:psntothtmate;. 34?8 :w.,;or 
d,J-ca$Wn $?antothemte, 16967:nsg; :~i~fl~~,~,~1~~0;?~~~,:315~~'~'(,~amine 
Illonoplitrate;: 7789); dilute to l.O.;lb ~$th-cerea'product ;,. , -. : 

9 Spray driedbone-free hydrolysate of Jtrtnole hake pasteurized‘at.180°F for 
25.0 min. ., .I., 2 ;. ,I 

!CS& dried bone-free hydrolysate of grourWish hydrolys$ep&uri&dat 
180°F!“for ES.0 min. 

'lLiq.xid, 70% 

12Tm or more of the followillg, with none ekceeding'50% of thecombination; 
(1) Salmon or tuna viscera (no he&s or gills, with livers); (2) whole herriw; 
(3) bottan fish (tile or fillet scrap); (4) dogfish; (5) who+? hake; aud (6) 
&ole,salmon. Agprovedemymesusedto aid liquefactim. Dcgfishand 
bottanfish carcass waste not allmed for l/32" pellet sizes. 

%erring, Sam, mnhaden, dogfish (not more than 3%), or refined tuna 
oil; stabilized with 0.4% IMA-BHT (1:l); free fatty acids not more than 3%; 
BHA-BHTmstbeaMedatthetimofmqmcessingif~oilisused. 
Special c+litioqm using ha+ as a wet fish: add 0.5% oil"for ever+ lO%hake 
in total i?ation. . 

14Heti* oii; stabilized with 0.04% ti-BElT (1:l); free fatty acids not 
more than 3%. . 

15vacuw dried 

'?Whole herri& ok. &l&m meaJ; minIO% protein; 8:12%,fat; mx 3% NaCl; mx 
17% ash. .,I 

. . 18Level of vet fiabdepe&eW on need to,obtain.desirab~e:~p&llet q~Wities. 

lgThe total dietary fat must be at least 22% (drywt.,) with the level of 
fish oil inmeamd if needed to attaipl the required leml of fat. 

2%n. 48%protein;max7%ash. 

21Thetotal die&yproteinsu&iedby fishmeal, spray-dried fish, &wet 
fish must be at least 36.5%; with fish meal increased, if me&d; to attaAn the 
required 1-1 of protein. 



&TENDrx II 
RATICNE%CDUCTlcICNANDCCNSUM?TICN 

VacumDriedSalmon~Ratiti 
1983 Brood Fall Chimok; Ponds C5 and C6 

Deuartment of Fish and Wildlife~ Banmv~lle Hatcherv 

Date 
12/19/83 

rho.44 rto.15 co;44 F0.42 
___-__--I--_---_--_-~~-~~ ~~ 

01/09/84 3/64 ". l'iO0 23.815. 7.68. 17.86 '43.53 23 
,_ kO.41' kO.11 -1-0.28 ' kO.49 

-- -- ---m-- -- 
.01/10/84 __ l/16 800 24.20' '7.75 18.52' 42.99 11 

50.14 rtO.08 kO.13 50.26 
---M-----AL.'----'~W.------ --------- 
01/25/84 1/3i 4&o 22.93 8.1517.73 -44.52 7 

l/l6 . 50 50.15" 10.05 50.16 ' kO.17 
I--_------__---- ---~_-- .-- ~~ 
02/28/84 l/16 1250 23.35 6.94 18.18 43.47 23 

3/32 350 50.49 -to.41 kO.19 kO.36 

03/03/84 3/32 200 22.13 7.17 18.36 43.64 3 
sto.19 kO.03 kO.21 kO.17 

------------ ---------- -----------w-w---- 
03/09/84 3/32 1400 24.11 6.59 17.21 44.57 20 

kO.53 L-0.05 kO.21 k1.05 
__-----~---- --- ~~ -~~ ~~ 
04/03/84 3/32 1450 25.39 6.85 18.07 44.31 18 

50.48 e0.06 -t-O.40 kO.92 
m-. I-I--c----__--------~--- --------------------_I 
04/04/84 3/32 350 23.44 7.02 18.26 42.30 6 

20.39 kO.03 20.23 kO.61 
we--- ,,,,,,,,,,,,,,,,--,-----,,--------~---- 
04/25/84 3/32 900. 24.12 " 6.99 20.15 40.77 9 

450 ko.20 $0.06 kO.09 20.26 
---------w-------I ------I-- --1----------- 

05/03/84 3/32 800 23.87,' 6.91 19.98 40.98 10 
f0.51'. ,.+0.07 kO.38 k0.27 



APEmmIx II 
(tIklrrtinusd) 

Sample Pellei: Ommsitdon (perCent w2t wt. ) 
colle&ion date size, : Moistur;e~ Fat Protein' 

01/13/433 Starter 19.51 9.31 17.64 46'.67 
01/13/84 l/3? 26.20 7.45 17.27 43.79 
01/31/84 l/32' 24.90 ’ 8.08 16.34 41.28 

.’ 01/20/84 l/32:. ,_ '25.61 I^ 7.76 17.40 40.95 

Mea$ --, .’ 25.32 7 . 77 17.00 42.61 
S.D. 1.09' 0.31 0.57 1.55 

02/17/84 3/64 28.86 6.72 i4.21 35.51 

03/01/84 l/16 28.32 7.49 12.88 37.45 
03/09/84 l/16 29.69 7.03 11.86 37.58 ~ 
03/21/84 l/16 29.21 9.32 12.09 37.92 

29.07 7.95 12.27 37.65 
S.D. 0.69 1.21 0.54 0.24 

03/30/84 3/32, 26.67 8.66 14.58 37.92 
04/13/84 3/32 24.80 8.90 16.12 39.39 
04/23/84 3/3? 28.69 8.02 13.68 34.65 
04/23/84 3/?2 3 29.14 7.98 13.47 34.55 

2i.32" 8.39 14.46 36.63 _ 
S.D. L20 1 .99,. 0.46: 2.42 



AFPEmxx,III 

Oregon Pellet Control Ration 
1983 Brood Fall Chinook; Poll& c-3 al-d c-4 
Oregon Demrtmsnt of Fish at-d Wildlife Bonneville Hatchew 

TillE Pdlet Feed (kmmmd PcM C-3. (lb), Fe&I Gomumd .F!h%.C-4(ib) 
pried kee Wet%& -Dry wt Protein 
12/29-l/1 ,,ZJGZkr '54 

F& y~~V&t'wt.. Dry wt :Ektein:- .Fat 
41.8 :'.24.3 'g,q .: -3 52 ;.; I' 41 .8 24.3 9.2 

l/4-31,,- 3./32 587'. 438.3 '246.6 99.8 '.'I ,640 : 477.9. 268.9' 108.8 
2/i-24 . 3/64 1005 715.0 356.9 142.8 1020 725.6. -362;2 144.9 

------- --w-m--- 
Subtotal 1644 1195.1 627.8 251.8 1712 1245.3 655.4 262.9 

----__I -----------we- -----m--- 
2/25-3/26 l/l6 1320 936.3 497.0 162.0 1290 915.0 485.7 158.3 
3/27-5/6 3/32 2590 1882.4 948.7' 374.5 2280 1657.1 835.2 329.7 

--------I__-- ----- mu 
subtotal 3910 2818.4 1445.7 536',5 3570 2572.1 1320.9 488.0 

Total 5554 4013.5 2073.5 788.3 5282 3817.4 1976.3 750.9 

SalnumMeal Ration. 
1983 Brood E'all chincmk; Ponds C-5 and C-6 

Dskrtmsnt of 'Fish ard Wildlife Ecmneville Hatchew 

Time Pellet Feed Consumption Pond C-5(lb) Eked Cormnmtion pond C-6(lb) 
period size 

Starter 
Wetwt.Drywt.Protein Fat Wet wt. Dry wt. Protein E'at 

12/29-l/1 52. 41.8 24.3 9.2 52 41.8 24.3 9.2 
01/04-31 l/32 690.5 534.8 342.2 146.9 699.5 541.7 346.2 149.1 ,. 
02/01-24 3/64 835 635.8 363.5 149.1 875 666.3 380.9 156.3 

subtotal 1577.5 1212.4 730.0 305.2 1626.5 1249.8 751.4 314.6 

02/25-3/26 l/16 1135 866.4 491.7 207.6 1015 774.7 439.6 185.8 
03/22-5/6 3/32 2470 1869.6 1069.6 453.5 2115 1600.2 924.8 382.0 

!mbtotal 3605 2736.0 1561.3 661.1 3130 2374.9 1364.4 567.8 

Total 5182.5 3948.4 2291.3 966.3 4756.5 3624.7 2115.8 882.4 



ExMtNRYOFW'RESPONSEPARlSMETWS 
1983 ERCOD FALL CHINOOK 

&.EGONDE~ OFFISHANDWILDLIFE 
E3amEwILLE.mTcBERY~ 

riati&: O&&on Pellet Control Salmon Meal Ration : 
porrd: c-3 c-4 c-5. C-6 
Binarycode: i-31/20 7-31/21 7-31/22 7-31/23 

Idtial wt. of fish (12/29/83) (lb): 501.6 504.3 497.3 500.9 
lb) : 227.5 228.7 225.6 227.2 

Inithl No. of fish (12/29/83): 608355 611584 603159 607496 
----s-s------ -- 1--1-1e-----w 

Initial 'size of fish (12/29/83) (g/fish): .0.374 0.374 0.374 0.374 
(fish/lb): 1212.8 1212.8 1212.8 1212.8 
(fish/kg): 2673.8 2673.8 2673.8 2673.8 

---- ---I--- ---w - 
Wt. of fish (2/23/84) (lb): 2208.5 2256.7 2427.6 2427.4 

(W : 1001.8 1023.6 1101.1 1101.1 

No. fish on (2/23/83): 574746 582941 580162 591966 
-m--p m----------1-1 -,,----------,,,--,,1,--,,, 
Fish size ,(62/23/84) (g/fish) : 1.743 1.756 1.898 1.860 

(fish/lb): 260.2 258.3 239.0 243.9 
(fish/kg): 573.7 569.5 526.9 537.6 

Wt. of fish (2/24/84)(split) (lb): 1042.3 1062.4 1146.6 1121.7 
(103): 472.8 481.9 520.1 508.8 

---------------------------_______________1_11_--------- 
No. fish (2/24/84)(split) 274560 275058 277242 277134 
-------------------1--- ---------I------------------------ 
Fish size (2/24/84)(split) (g/fish): 1.722 1.752 1.876 1.836 

(fish/lb): 263.4 258.9 241.8 247.0 
(fish/kg): 580.7 570.8 533.0 544.7 

Wt. of fish at release (5/8/84)(lb): 3844.5 3426.7 4712.6 4086.8 
ml) : 1743.8 1554.3 2137.6 1853.7 

I__-- --------- ------------ ------------A--- 
No. of fish released (5/8/84): 272648 273216 275853 275607 
--- 
No. of taggsd fiirh released (5/8/84): 80348 80046 80138 81282 

---I-- -----------------1_--------- 
Fish size at release (g/fish): 6.396 5.689 7.749 6.726 

(fish/lb): 70.9 79.7 58.5 67.4 
(fish/kg): 156.3 175.8 129.0 148.7 
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AETBNDIKIV 
(Continued) 

Rat&m: Ore&~EWletContml 3ahmnC4&lRktion 
poprl: ..&3 c-$ c-5 e-6 
BinaSyctMe: . 7-31/20 J-31/21 7-31/22 T-31/23 

,A ,1 :; ,':, 
F&&J l&Q.& +t. ,,&&j& '~5,8/$ (,,& (N&' “;"8(J5, ',;.,:, ;_. 

'- '(msan): 
+'$334-f ' I',, ,92i ':. '~825 

,'83.3', 81.7 .88.5 85.6 
'. .,,,, zL .(slo.): 1.26. '7.oi 6.07 ' ::;+LSS. 

F----v -- 
Iisriatorrit,~~‘selease'(5/8/84.) 

-C.--m- 
(%): ~ .34.8 \ . .30..6 36.8,, 36.6 

Moreility 2299i '. 15530 
12/29/83-2/2.3/84 

.(No.): '$60; 28e;cr3 
Ml: ', 4.683 3.813' 2.556 

-,, 
bs+?miry ,j 

.- ,; 
('No.): ,.I 1912 J842 -' 1389 '1527 

2/2&j/8/84 c (W : 0,696 6.670 0.501 '0.551 

Fe&d (wet wt) (log) : 74i.7. 776.5 715.5 737.8 
12/29/83-2/$4/E (lb): 7644 '.1712 1577.5 1626.5 j ----w--L__ -- 
Feed (dry wt) ilos) : 542.1 564.8 549.9. 566.9 
12/29/63;2/24/84 (lb) :. 1195.1 1245.3 1212.4 1246.8 

Feed Protein 284.8, 297.3 331.1 340.8 
12/29/d3'2/24/64 627.8 655.4 730.0 751.4 

Fed fat (kg): ha.2 119.2 138.4 142.7 
12/29/83-2/24/84 (lb): 251.8 262.9 305.2 314.6 

w--------v--------- v-e-, -m-----m-- 
Fe@ (set bit) iw : 1773.,5 1619.3 1635.2 lkl9.7 
2/25-5/6/84 '(lb): $910 3570 3605 3130 
------__------~------ ---- --------- ----I_-- 
F&d (dry-1 .1218.4 1166.7 lg4i.b 107112 
2/i5+6/&4 ; 2818..4 2pq.1 2736.0 : 2314.9 A .I 

i; i I ,I ’ ,T. 
F&%.proteh 
2/$!5~5/6/84 

yJ; : 65!@.-, '599.1 708.2 6i8.9 
: 1445.7 132019 1561.3 1394.4 .,-. -' 

rJ;&&g& " -e---r""- ,. 221, 3 ‘-'.;g9;;rp;' : ,""257. 5 

2/i5+6/84, " " 
(&---;44.3 
(ib): j346.5 488.0 661.1 '. 567.8 

I--- ----~--3---3~--..w ----U-----I- --m-- 
,Fe&(wetwt) 

li/iW~3?5/6/?34 
(lq),:.' 2519.2 23d.8 2&o'.? I 2151.5 
(lb): 5554 6252 5182 .,5..~ 4756.5, 

‘Fe@ (Wwu ml) : 1802.5 1731.5 1791.0 s44.i 
12/29/83-5/6/84 (lb): 4013.5, 3817.4 3948 ; 4 j624.7 

-- II --m-L__ -m---1-- 
Feed protein (log) : 940.5 896.4 1039.3 
12/19/83-5/6/84 (lb): 2073.5 1976.3 2i91.3 

959.7 
2115.8 

Feed fat 357.6 340.6 438.3 '400.2 
12/%/83-S/6/84 788.3 750.9 966.3 882.4 
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Al?FxtmIK Iv 
(htfnusd) 

Ration: OreganPellet Cantrol SalmonMeal Ration 
ml-g%: 
Bj.nar~code: 7-:;:20 7$21 7-3;;;2 7-:i:23 

Fishweightgain 774.2 794.9 875.6 873.8 
12/29/83-2123184 1706.9 1752.4 1930.3' 1926.5 

Fish weight gain .mY) : '1271.0 1072.4 1617.5 1344.9 
2124-518184 (lb): 2802:2 2364.3 3566.0 2965.1 

-w--m P-Y-- -------1_-------- 
Body composition at release &PI 76.75 77.37 75.53 75.82 
% moisture Rep2 76.76 77.18 75.43 75.91 

Rep3 76.52 77.29 75.23 75.94 

76.68 77.28 75.40 75.89 
S.D. 0.14 0.09 0.15 0.06 

Body coqositian at release: 2.04 2.04 2.00 1.98 
%ashwetwt. 2.00 2.03 1.99 1.97 

BP3 2.04 2.05 2.00 1.99 

2.03 2.04 2.00 1.98 
S.D. 0.02 o.oi 0.01 0.01 

------ -I------P- ----y--__----------___I___c___I 
Body composition at release: WP 1 8.77 9.01 8.17 8.19 

%ashdrywt. Rep'2' 8.60 8.89 8.10 8.18 
Rep ,3 8.69 9.03 8.07 8.27 
-------------------l_______________l__ 

8.69 8.98 8.11 8.21 
S.D; 0.08 0.08 0.06 0.05 

________-_---------------------~------------------------------ 
Body kompof3itim at relekse 

izig: 
6.76 6.29 8.02 7.68 

% fat uRt wt. 6.86 6.44 8.15 7.74 
WP 3 7.02 6.34 8.17 7.76 

Mean’ 6.88 6.36 8.11 7.73 
S.D. 0.13 0.08 0.08 0.04 

~f~m&t$rLat . release: -29.07 29.52 
s 'Rep3 29.90, 

------------------ 
29.50 

S.D. 0.41 

27.79 32.77 31.80 
28.22 .33.17 32.13 
27.92 32.98 32.25 

-,--,--w-e---,------- 
27.98 32.97 32.06 
0.22 0.20 0.23 

Body cxnqadtion at relkse: 15.20 
%proteinwtwt 15.13 

Rep3 15.21 

15.17 15.15 15.05 
15.15 15.18 14.88 
15.06 15.26 15.15 

15.18 15.13 15.20 15.03 
S.D. 0.04 0.06 0.06 0.13 

-----w--e- 



Ration: Oreaon Pellet Control Salmon Meal Ration 
pand: c-3 c-4 c-5 
.Binawade: 7-31/20 7-31/21 7-31/22 7-:;:23 

Bodg 4zolipeition *t rq=ase: li”p 1 $j5;*k3a ' 67.03 61.91, 62;24 
%proteindtywt .'65,,;30 es.39 ,61.,78 '1 ..61.77 c 

64.78 66.31 61i61 62.97 , 

Merm 65.09 66.58 61.77 62.33 
S.D. 0.30 0.39 0.15 0.60 

-----------_c--- -- 
Fish gain @rotein WXJ) : 310.5 282.5 378.9 333.5 
12/29/83-5/a/84 (lb): 684.5 622.8 835.4 735.2 

Fish fat.gain 
12/29/83-5/a/84 

140.7 118.7 202.2 171.5 
310.2 261.8 445.7 378.1 

Feed (w?twt)/wt gain 0.9631 0.9769 0.8172 0.8443 
12/29/83-2/24/84 

Feed (wet wt)/wt gain 1.3953 1.5099 1.0109 1.0556 
2/24 - 5/a/84 

------------------ ------------------------ 
Feed (wtwt)/wt. gain 1.2317 1.2831 0.9429 0.9724 
12/29/83 - 5/a/84 

Feed (dry&)/-. sa* 0.7002 0.7106 0.6281 0.6487 
12/29/83 - 2/2$/84 

--- ---c------- -- --cm- --- 
Feed WywW*. gain lhO58 1.0879 0.7672 0.8009 
2/24 - 5/8/!4 
-- 
Fedl(dzywt)/wt. gain 0.8901 0.9273 0.7184 0.7410 
12/29/83 -5/8/84 

Feed pr&dn&rotein gain 
12/29/83 - 5/a/04 

--mm.-, 
cordition factor: 
'100,000 q (g)/ 
length mu) .' 

3.0292 3.1732. 2.7427 2.8778 

--w-m- --m---- ----7 ---- 

1.1065 1.0432, 1.1179 1.0723 

__------ ~~~ 
Body fat' (9.0 kcal/g)/ 
protein (4.0 kcal/g) 
WV -------- 

1.0198 0.9458 1.2005 1.1572 

____------------ 


